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PREFACE 

WE  have  tried  in  the  following  book  to  write  an  elementary 
treatise  on  Zoology  which  could  readily  be  understood 
by  a  student  who  had  no  previous  knowledge  of  the  subject. 
We  have  endeavoured  to  espl^n  the  technical  terms  as  they 
occur,  and  since  one  of  the  difficulties  proper  to  the  science  of 
Zoolc^  is  the  enormous  number  and  the  prodigious  length 
of  these  tei-nis,  we  have  in  many  cases  given  derivations  which 
may  help  the  beginner  to  fix  them  in  his  mind. 

The  attempt  to  construct  the  book  on  the  plan  that  each 
section  is  built  on  what  precedes  it,  has  rendered  it  impossible 
to  keep  the  treatment  of  the  various  groups  at  the  same  level, 
for  much  space  is  taken  up  in  the  earlier  chapters  in  explaining 
processes,  a  knowledge  of  which  is  assumed  in  the  later.  A  book 
such  as  we  have  aimed  at  is  bound  to  be  progressive,  and  the 
later  chapters  will  be  intelligible  to  the  beginner  only  if  he  has 
read  the  earlier.  Thus  the  part  of  this  book  which  deals  with 
the  Vertebrata  is  in  many  respects  more  advanced  than  those 
which  deal  with  the  several  Invertebrate  groups. 

la  order  to  give  some  account  of  the  leading  types  of  animal 
structure  within  a  book  of  moderate  compass,  we  have  been 
compelled  to  make  but  scanty  reference  to  Histolc^y,  Embryology, 
and  Palaeozoology ;  in  fact  the  book  in  the  main  deals  with  the 
normal  structure  of  the  adult  forms  of  recent  animals.  Wher- 
ever possible  we  have  endeavoured  to  exhibit  this  structure  as 
the   outcome  of  function  and   habit.      We  have  tried   to  show 
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that  Zooli^y  deals  at  leaat  as  much  with  living  as  with  dead 
organisms. 

In  tracing  the  relationship  of  the  animals  described  to  one 
another  we  have  at  times  put  forward  hypotheses  which  we  fear 
will  not  commend  themselves  to  all  zoologists,  but  we  have 
thought  it  better  to  run  the  risk  of  submitting  views  which 
further  research  may  compel  us  to  abandon  rather  than  leave 
the  student  with  the  idea  that  l^e  object  of  zoolc^ical  study 
is  the  mere  collection  of  facta.  We  try  everywhere  to  make 
it  clear  that  the  ultimate  end  of  the  science  is  the  discovery 
of  the  laws  underlying  and  binding  together  the  facts. 

At  the  end  of  the  sections  dealing  with  each  phylum  a  short 
table  of  classification  is  given.  These  tables  do  not  attempt 
to  be  complete,  but  are  intended  to  indicate  the  position  of  the 
animals  mentioned  in  the  text  in  the  general  scheme  of  classi- 
fication; and  since  the  book  appears  in  both  an  English  and  an 
American  edition,  these  examples  are  in  most  cases  drawn  from 
the  British  and  Iforth  American  Faunas. 

In  one  respect  this  book  differs  from  many  of  the  elementary 
treatises  which  have  appeared  within  the  last  few  years.  It 
has  been  drawn  up  with  an  eye  to  no  examination,  and  does 
not  claim  to  correspond  with  any  of  the  numerous  syllabuses 
and  schedules  issued  from  time  to  time  by  the  various  Boards 
of  Examiners  scattered  through  the  United  Kingdom  and  Korth 
America. 

Many  of  the  illustrations  are  new,  and  whatever  merit  they 
possess  is  due  to  the  skill  of  Mr.  E.  Wilson  of  Cambridge  and 
Mr.  F.  M.  Howlett  of  Christ's  College.  We  owe  our  grateful 
thanks  to  Mr.  S.  H.  Reynolds  for  permission  to  use  many  of 
the  illustrations  of  his  book  on  "The  Vertebrate  Skeleton,"  and 
to  Messrs.  Macmillan  &  Co.  and  Messrs.  A,  &  C,  Black  and 
the  Council  of  the  Royal  Agricultural  Society  for  granting  the 
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use  of  certain  other  illustmtions.  We  are  also  much  indebted 
to  many  friends  for  help  in  special  chapters.  Mr.  £.  S.  Thompson 
and  Mr.  J,  Graham  Kerr  have  read  through  the  proof-sheets,  a 
most  tedious  task,  as  the  authors  can  abundantly  testify ;  Dr. 
Harmer,  Dr.  Gadow,  Dr.  Andersou,  Dr.  Hopkins,  Mr.  G,  P.  Bidder, 
Mr.  J.  Stanley  Gardiner,  Mr.  R.  Evans,  Mr.  H.  H.  Brindley,  and 
Mr.  C.  Warburton,  have  most  freely  given  us  the  help  of  their 
special  knowledge.  Whilst  saving  us  from  many  mistakes  they 
are  by  no  means  responsible  for  those  that  remain.  We  tender 
them  all  our  sincere  thanks. 
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CHAPTER  I 
Introduction 

The  word  Zoology  (Gr.  {Sw,  an  animal;  Xv/k,  a  discourse) 
denotes  the  science  which  concerns  itself  with  animals,  endeavour- 
ing to  find  out  what  they  are  and  how  they  came  into 
being.  It  is  a  branch  of  the  wider  science  of  Biology 
(Gr.  ffutt,  life,  Aoyot,  a  discourse)  *,  which  deals  with  all  living  things, 
plants  as  well  as  animals.  Before  any  progress  can  be  made  with 
the  study  of  Zoology,  it  is  necessary  to  get  clear  ideas  on  two 
points:  firstly,  as  to  what  is  meant  by  life  and  living  things;  and 
secondly,  as  to  how  an  animal  is  to  be  distinguished  from  a  plant. 

The  idea  implied  in  calling  a  thing  living,  is  that  in  some 
respects  its  existence  is  similar  to  our  own.  Our  own  existence  is 
the  only  thing  immediately  known  to  us,  the  standard  with  which 
we  compare  everything  else.  Every  material  object  has  certain 
points  of  resemblance  to  our  bodies,  inasmuch  as  all  are  composed 
of  matter  obeying  the  same  laws  of  chemical  affinity,  gravitation, 
and  so  forth;  it  is  necessary  therefore  to  deSne  the  amount  of  re- 
semblance which  constitutes  life.  Now  everyone  knows  that  human 
beings  grow,  that  ia,  increase  in  size  at  the  expense  of  matter 
different  from  themselves,  called  food,  and  that  further,  they  give 
rise  at  intervals  to  fresh  human  beings.  These  two  fundamental 
characteristics — the  power  of  growth  and  of  multiplication — define 
life;  everything  that  can  increase  its  bulk  by  building  up  foreign 
matter  into  itself  and  that  reproduces  its  like,  is  said  to  be  alive. 

The  idea  originally  underlying  the  word  animal  was  a  self- 
moving  object,  as  distinguished  from  a  plant  which  was  regarded 
as  motionless*.      This  distinction,  however,  will  not  stand  close 

'  This  lerm  ie  too  well  established  to  admit  of  alteration  but  it  implies  a 
mUlraiulatlon  of  pin.  This  does  not  mean  '  life '  In  the  phy Biological  sense  but 
a  period  of  lite,  a  career,  a  life-time  or  circumatances  of  life,  eavlTonment 

>  It  is  true  tbat  t«  all  general  statements  of  Zoology,  as  to  this,  exceptions 
could  be  foand.    The  rule  followed  In  this  book  is  to  have  regard  only  to  the 
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examination.  Plants  as  well  as  animals  move,  and  although  the 
motions  of  animals  are  conspicuous  and  such  as  to  catch  the  eye, 
whilst  those  of  plants  are  usually  slow  and  imperceptible,  yet 
there  is  no  essential  difference  between  the  nature  of  the  move- 
ments in  the  two  cases. 

The  fundamental  difference  between  animals  and  plants  is  to  be 
found  in  the  nature  of  their  food.  Animals  can  only  live  on  complex 
Dininetion  substances,  not  very  different  in  chemical  composition 
■Dimati  ud  from  their  own  bodies,  and  further,  they  can  live  on 
piBDt*.  solid  food.     Plants,  on  the  other  hand,  build  them- 

selves up  out  of  carbonic  acid  and  other  gases  and  water  with  a 
few  simple  salts  in  solution,  and  they  only  take  in  fluids  or  gases. 
There  are,  however,  a  cei-tain  number  of  living  beings  which  com- 
bine the  characters  of  animals  and  plants,  and  the  question  in 
which  division  they  should  be  ranked  is  a  matter  to  be  deter- 
mined only  after  a  study  of  the  special  circumstances  of  each  case. 

It  has  been  pointed  out  that  our  own  existence  is  the  original 
type  from  which  the  idea  of  life  is  derived.  But  we  Itnow  ourselves 
not  only  as  bodies  in  which  growth  and  reproduction  occur,  but  also 
as  conscious,  thinking  beings,  and  we  ai'e  naturally  inclined  to 
imagine  that  animals  at  least,  which  not  only  grow  and  multiply, 
but  in  many  other  respects  also  resemble  us,  are  likewise  conscious. 
How  far  this  belief  is  well  founded  is  open  to  serious  question,  if  by 
consciousness  we  mean  anything  at  all  resembling  our  own  inner 
life — the  only  consciousness  we  know  anything  about.  The  move- 
ments of  the  higher  animals  suggest  that  they  experience  the  feel- 
ings of  fear,  anger,  desire,  etc.,  and  it  would  be  foolish  to  deny  all 
similarity  between  them  and  man  in  these  respects,  but  the  habit 
many  people  have  of  uncritically  attributing  purely  human  feelings 
to  dogs,  eats,  horses,  etc.,  is  apt  to  lead  us  into  serious  error.  Our 
forefathers  went  further  than  even  we  are  inclined  to  do  and  sup- 
posed all  natural  objects,  the  sun,  wind,  trees,  etc.,  to  have  spirits, 
that  is,  to  be  conscious.  Since  we  can  never  learn  much  about  the 
consciousness  of  beings  with  whom  we  cannot  speak,  zoologists  con- 
tent themselves  with  looking  at  animals  entii'ely  from  the  outside, 
without  enquiring  as  to  whether  or  no  they  are  conscious ;  animals 
are  for  them  bodies  in  which  certain  changes  take  place,  changes 
such  as  growth,  reproduction,  movement,  and  others, 
vast  bulk  of  normal  cases  which  gave  rise  to  the  idea.  The  reasons  for  cUssity- 
Ing  nbnomial  cases  In  one  category  or  another  are  not  general  but  special,  and 
have  to  be  considered  in  each  case. 
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A  close  study  of  animals  reveals  the  fact  that  though  the 
chemical  constitution  of  no  two  isexactly  alike,  yet  all  contain  certain 
highly  complex  substances  of  very  obscure  chemical 
""'  composition,  known  as  pvoteids.  These  substances 
occur  in  the  form  of  a,  thick,  viscous  fluid,  in  which  are  suspended 
not  only  numerous  solid  granules  of  most  varied  composition,  but 
also  minute  drops  of  other  fluids.  Such  a  mixture  is  called  by 
chemists  an  emulsion,  and  it  is  the  emulsion  just  described  which  is 
the  seat  of  all  those  processes  which  we  call  life.  This  substance 
is  termed  protoplasm  (Gr.  irpirot,  first ;  TrXotr/ia,  amouldorim^e). 

Further,  it  has  been  found  that,  so  long  as  any  sign  of  life  is 
visible,  this  protoplasm  is  in  a  continual  state  of  slow  combustion, 
absorbing  oxygen  from  outside  and  decomposing  with  the  liberation 
of  energy,  and  whilst  some  of  the  products  of  decomposition  are 
cast  off,  others  apparently  reconstitute  the  original  substance  by 
combining  with  some  of  the  materials  of  the  food.  The  energy 
liberated  is  the  cause  of  the  movements  which  constitute  the  visible . 
manifestation  of  life. 

An  animal  then  is  only  the  more  or  less  constant  form  of  a  flow 
of  pai-ticles ;  it  may  be  compared  to  a  flame,  which  has  a  constant 
form,  although  the  particles  which  compose  it  vary  from  moment  to 
moment ;  unburned  particles  coming  in  at  one  end  and  the  oxidised 
products  escaping  at  the  other. 

The  deepest  insight,  which  can  be  obtained  into  the  nature  of 
life  viewed  as  a  series  of  changes  in  the  shape  and 
position  of  bodies,  reveals  to  us  this  continual  chemi- 
cal change  as  the  ultimate  cause  of  all  manifestations  of  life. 
It  is  known  by  the  convenient  name  of  metabolism  (Gr.  fUTa^aX- 
Xav,  to  change,  to  alter).  The  ultimate  object  of  Zoology  is  there- 
fore to  discover  the  nature,  cause,  and  conditions  of  the  metabolism 
in  the  case  of  every  animal ;  but  the  means  of  attainingthis  object 
are  still  to  seek,  and  for  the  most  part  the  zoologist  has  to  be  con- 
tent with  describing  and  comparing  with  one  another  the  outer  and 
visible  effects  of  the  metabolism  in  various  cases. 

The  proteids,  which  form  the  essential  basis  of  protoplasm,  con- 
sist of  carbon,  nitrogen,  hydrogen,  oxygeu,  and  sulphur ;  besides 
these  elements  phosphorus,  chlorine,  potassium,  sodium,  magnesium, 
calcium,  and  iron  are  constantly  found  in  the  bodies  of  animals,  and 
some  of  them  are  doubtless  chemically  combined  with  the  proteid. 
Phosphorus  is  a  constituent  of  nucleic  acid,  a  substance  which 
in  combination  with  proteid  is  characteristic  of  the  nucleus  (see 
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p.  16).    Proteids  have  a  percentage  compositioD  which  rarieB  some* 
what,  though  not  widely,  in  different  cases. 


Carbon 

from 

60 

to 

56 

Hydrogen 

6-5 

to 

7-3 

Nitrogen 

" 

16 

to 

17-6 

Oxygen 

" 

19 

to 

24 

Sulphur 

" 

-3 

to 

2-4 

The  molecular  weight  Is  undoubtedly  very  great.  While  we  have 
no  definite  knowledge  as  to  its  value  all  the  evidence  tends  to  show 
that  it  is  in  any  case  not  less  than  from  6000  to  8000  and  it  is 
probably  a  multiple  of  this.'  But  the  proteids  known  to  the 
chemist  are  of  course  taken  from  the  dead  bodies  of  animals  and 
are  themselves  to  be  regarded  as  products  of  the  decomposition  of 
the  molecules  which  existed  during  life.  The  proteid  as  the  seat 
of  life  has  probably  a  decidedly  different  composition  from  the  dead 
substance.  To  avoid  confusion,  we  may  call  the  living  molecules 
biogens. 

The  biogen  molecule  is  continually  absorbing  oxygen  from  the 
outside.  This  process  is  called  respiration  or  breathing.  It 
decomposes  and  some  of  the  products  are  no  longer  capable  of  being 
built  up  again  into  other  biogen  molecules  and  are  therefore  got  rid 
of,  since  otherwise  they  would  interfere  with  the  chemical  action, 
just  as  accumulating  ashes  may  put  out  a  fire  or  cause  it  to 
bum  smokily  and  to  produce  abnormal  products  such  ss  Carbon 
monoxide.  The  process  of  ejecting  these  waste  products  is  called 
excretion,  the  waste  substances  themselves,  excreta,  and  the 
chemical  changes  which  lead  to  their  production,  katabolism  (Gr, 
Kara^oXAcii',  to  cast  or  throw  down).  The  commonest  excreta  are 
water,  carbou  dioxide,  urea,  and  uric  acid ;  the  last  two  substances 
containing  nitrogen.  But  it  is  not  necessary  that  in  all  cases 
excreta  should  be  ejected.  They  may  remain  within  the  t)ounds 
of  a  mass  of  protoplasm ;  if  they  are  removed  from  the  sphere  of 
chemical  action  of  the  protoplasm  this  is  sufficient.  In  some 
animals  uric  acid  is  stored  up  in  this  way.  Many  of  the  excreta, 
though  injurious  if  they  remain  in  the  protoplasm,  are  indirectly 
useful  to  the  animal  after  ejection.  Such  useful  excreta  are  called 
secretions.  Thus,  all  the  bard  skeletons  of  animals  are  really  in- 
soluble excreta.  On  the  other  hand  the  gastric  juice  which  digests 
the  food  in  the  human  stomach,  and  the  slime  or  mucus,  which 
»  See  Verworn,  General  PhytUtlogy  (EngL  Edition),  1899,  p.  93. 
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prevents  a  frog  from  drying  up  wben  taken  out  of  water,  are  fluid 
excreta.  A  part  of  the  body  specially  adapted  to  produce  a  secre- 
tion is  termed  a  gland. 

Other  products  of  decomposition  reconstitute,  as  we  have  seen, 
the  original  molecule  by  combining  with  the  necessary  elements 
from  the  food;  this  process  is  known  as  anabolism  (Gi.  AvaffaXXav, 
to  put  back  or  up)  or  assimilation.  Inasmuch  as,  generally  speak- 
ing, from  the  breaking  up  of  one  molecule  more  thau-one  residue  is 
produced  capable  of  regeneration,  there  is  an  increase  in  the  number 
of  biogen  m<decules,  causing  an  increase  in  bulk  of  the  protoplasm, 
or  growth'. 

The  regeneration  of  the  biogen'  takes  place  at  the  expense  of  the 
food.  Taking  in  food  is  called  eating,  or  ingestion.  Since,  how- 
ever, the  food  must  penetrate  to  every  portion  of  the  protoplasm 
it  must  be  dissolved  —  a  process  effected  by  the  chemical  action  of 
certain  products  of  the  decomposition  of  the  biogens,  known  as  fer- 
ments. The  process  is  called  digestion.  The  casting  out  of  an 
insoluble  remnant  of  thefoodiscalleddef  aecation,  and  inasmuch 
as  such  remnants  have  never  formed  part  of  the  biogen  molecule,  this 
process  is  carefully  to  be  distinguished  fi-om  excretion.  The  accumu- 
lation of  excreta  soon  stops  metabolism,  whereas  the  intermission 
of  defaecatioo  need  only  interfere  very  slightly  with  metabolism. 

Of  the  numerous  solid  pai-ticles  found  in  protoplasm  some  are 
secretions,  others  are  solid  deposits  of  partly  assimilated  food,  which 
act  as  reserve  stores,  (jthers  are  indigestible  remains.  The  fluid 
drops  consist  largely  of  water  —  some  have  in  solution  excreta  or 
secretions ;  others  contain  the  results  of  digestion. 

Animals,  as  we  have  seen,  possess  the  power  of  executing  move- 
ments; this  power  is  exercised  in  order  to  seek  their 
'  "  food  and  escape  their  enemies.     However  complicated 

these  movements  may  be,  they  are  all  found  to  be  dependent  on  the 
capacity  of  protoplasm  to  alter  its  shape  in  a  characteristic  manner, 
suddenly  contracting  and  then  slowly  expanding.  By  contraction 
is  meant  such  an  alteration  of  shape  of  the  moving  part  as  will 
tend  to  diminish  its  surface ;  that  is,  the  contracting  part  tends  to 
assume  a  spherical  shape;  by  expansion,  on  tlie  other  hand,  is 
meant  an  alteration  of  shape  leading  to  increase  of  surface.  A  bird 
flies  by  contracting  the  muscles  first  on  one  side  of  the  wing,  then 
on  the  other;  a  fish  swims  by  alternate  contractions  of  the  two 
sides  of  the  fleshy  tail.  Any  part  of  an  animal  fitted  to  execute 
>  See  Vecwom,  General  Phyiiology  (Engl.  Edition),  1890,  p.  466, 
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movementa  more  quickly  in  one  direction  than  in  another  and 
so  to  bring  about  the  movement  of  the  whole  animal,  is  called  a 
locom  otor  organ.  Protoplasm,  .in  which  the  power  of  contraction 
is  highly  developed,  is  called  muscle. 

A  contraction  is  the  result  of  an  explosive  decomposition  of  the 
living  substance;  there  have  been  a  great  many  theories  as  to 
how  the  chemical  change  brings  about  the  change  of  shape  but 
since  all  of  them  account  for  some  of  the  facts  and  none  of  them 
for  all,  there  is  no  need  to  mention  any  of  them  here. 

The  sudden  chemical  change  which  brings  about  contraction, 
although  dependent  on  the  unstable  character  of  the  biogen 
moleeule,  must  be  precipitated  by  some  change  occurring  either 
in  the  living  matter  itself  or  in  the  surrounding  medium,  just  as 
an  explosion  of  gunpowder  is  not  brought  about  without  a  spark. 
In  either  case  the  change  causing  the  contraction  is  known  as  a 
stimulus,  and  the  capacity  of  contracting  under  the  influence  of 
stimuli  is  known  as  irritability.  Thus  when  a  moth  flies  into  a 
flame,  it  is  acting  under  the  stimulus  of  light ;  when  a  hungry  lion 
in  the  Zoological  Gardens  rises  up  and  commences  running  violently 
round  its  cage,  it  is  obeying  the  stimulus  of  hunger.  In  the  first 
case  we  have  to  deal  with  an  external  stimulus,  in  the  second  with 
an  internal  one.  Of  course  since  all  internal  changes  are  ultimately 
due  to  changes  in  the  surrounding  medium,  —  e.g.  hunger  to  a  dis- 
appearance by  digestion  of  the  food  in  contact  with  the  stomach,  — 
the  distinction  between  external  and  intern^  stimuli,  though  con- 
venient, cannot  be  sharply  drawn.  The  power  of  protoplasm  to 
originate  movement  through  internal  changes  is  called  automa- 
tism. In  the  case  of  external  stimuli  we  can  often  observe  that 
the  disturbance  caused  at  the  point  of  application  of  the  stimulus 
is  propagated  to  widely  different  parts  of  the  animal.  Nerves 
contain  protoplasm  in  which  this  power  of  transmission  is  powerfully 
developed. 

Vi's  have  seen  that,  at  some  period  in  the  life  of  all  animals, 
when  food  is  abundant  more  living  matter  is  formed 
than  ia  broken  down;  in  a  word,  that  the  animal 
increases  in  size,  grows.  But  whereas  volume  increases  proportion- 
ately to  the  cube  of  tlie  length  (or  breadth),  surface  increases  only 
projKirtionately  to  the  square  of  the  same  dimension.  Hence  the 
amount  of  volume  per  unit  of  surface  continually  increases,  and  thus 
the  chemical  action  between  the  internal  portions  of  the  protoplasm 
and  the  surrounding  medium,  which  can  only  go  on  through  the 
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surface,  ia  slowed  down ;  in  other  words,  the  activity  of  growth  is 
checked  and  when  a  certain  size  is  reached  waste  becomes  equal 
to  repair.  At  this  stage  there  is  a  tendency  for  the  protoplasm  to 
divide  into  two  or  more  pieces  of  smaller  size.  This  division  into 
smaller  pieces  is  called  Reproduction,  and  it  ii  a  necessary  result 
of  growth.  "When  an  animal  divides  into  two  equal  portions,  the 
process  is  called  fission,  but  when  one  portion  is  very  much  smaller 
than  the  other,  the  process  is  known  as  gemmation;  the  smaller 
portion  is  called  the  germ,  and  the  larger  the  parent,  since  the 
latter  is  —  somewhat  illogically  —  regarded  as  identical  with  the 
original  animal  before  division,  A  germ  very  rai'cly  resembles 
the  parent;  usually  it  has  to  undergo  a  series  of  changes  during 
growth  by  which  it  at  last  attains  the  shape  of  the  animal  which 
gave  rise  to  it ;  tliis  series  of  changes  in  shape  and  size  ia  known 
as  Development. 

Reproduction  in  the  higher  animals  ia  closely  associated  with 
another  procesa  called  Conjugation  or  Sexual 
U  D  i  on.  This  process  consists  in  the  coalescence  with 
one  another  of  two  portions  of  living  matter.  Conjugation  probably 
occurs  in  all  animals,  but  the  interesting  thing  about  the  higher 
animals  is  that  they  give  rise  to  special  germa  of  two  kinds,  called 
ova  (eggs)  and  spermatozoa  respectively,  which  cannot  develope 
without  first  conjugating,  one  of  the  first  kind  uniting  with  one  of 
the  second. 

The  ovum  is  devoid  of  the  power  of  movement  and  has  a  larger 
or  smaller  amount  of  undigested  or  at  any  rate  unassimilated  food 
stored  in  it;  this  reserve  material  ia  called  yolk.  The  spermato- 
zixin,  on  the  other  hand,  has  no  auch  reaerve  and  is  in  consequence 
very  much  smaller  tlian  the  ovum,  but  it  possessea  in  nearly  every 
case  the  power  of  movement  by  which  it  is  enabled  to  seek  and  find 
the  ovum.  Reproduction  which  thus  requires  conjugation  before 
development  can  take  place  ia  called  Sesual  Reproduction.  In 
moat  casea  ova  and  spermatozoa  are  developed  in  different  individ- 
uala.  The  individual  giving  riae  to  ova  is  called  the  female,  that 
giving  rise  to  spermatozoa  the  male.  In  this  case  the  animals  are 
said  to  be  bisexual.  When  both  ova  and  spermatozoa  are  de-* 
veloped  in  the  same  individual,  it  is  spoken  of  as  hermaphrodite. 
It  is  obvious  to  the  most  caaual  obaervation  that  there  ia  an 
amazing  variety  of  animals  in  the  world.  Closer 
observation  reveals  the  fact  that  wliilst  no  two 
animals  are  exactly  alike,  all  can  be  nevertheless  sorted  into  a 
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number  of  kinds  called  s  pec  ies,  the  individuals  composing  which  — 
apart  from  the  difference  between  males  and  females  —  resemble 
each  other  exceedingly  closely.  Where  the  observation  has  been 
made,  it  is  always  found  that  the  members  of  a  species  conjugate 
freely  with  one  another;  and  indeed  this  is  assumed  to  be  the 
case  in  every  species ;  that  is,  we  group  a  number  of  specimens  into 
a  species  under  the  assumption  that  they  can  conjugate  with  one 
another,  and  that  healthy  young  will  develops  as  the  result.  If  this 
can  be  shown  to  be  not  the  case,  we  conclude  that  a  mistake  has 
Ijeen  made  and  that  two  or  more  species  have  been  confounded  with 
one  another.  It  follows  that  the  vast  majority  of  species  rest  on 
provisional  hypotheses ;  these  hypotheses  nevertheless  possess  a 
very  high  degree  of  probability,  for  by  the  use  of  them  only  can 
the  great  resemblance  between  the  individuals  grouped  together  he 
accounted  for.  When,  as  occasionally  happens,  members  of  dif- 
ferent species  are  fertile  inter ae,  the  offspring  is  termed  a  hybrid, 
and  hybrids  may  or  may  not  be  fertile. 

It  has  been  pointed  out,  that  whereas  germs  are  in  most  cases 
H  raditv  exceedingly  different  from  their  parents,  they  never- 

and  theless  in  process  of  growth  come  to  resemble  them. 

Variation.  rpjjjg  tendency  to  reproduce  the  characters  of  the 
parent  is  called  heredity.  If  the  germ  undergoes  a  large  part  of 
its  development  within  a  hard  case,  like  a  chick  within  the  eggshell 
or  in  a  cavity  of  the  parent's  body,  it  is  called  an  embryo;  if  it 
moves  freely  about,  it  is  termed  a  1  a  r  v  a. 

In  the  case  of  the  development  of  an  animal  which  has  originated 
sesually,  that  is  from  the  coalescence  of  two  germs,  the  tendency  is 
for  it  to  assume  characters  intermediate  between  those  of  the  two 
parents.  Thus  it  is  easy  to  see  how  sexual  reproduction  tends  to 
annul  the  differences  existing  between  members  of  the  same  species, 
by  constantly  producing  means  between  them.  When  therefore  a 
large  number  of  individuals  are  found  with  very  close  resemblances, 
it  is  a  reasonable  supposition  that  the  aigeat,  which  has  caused 
this,  is  sexual  reproduction ;  in  other  words,  that  they  constitute 
a  species.  It  is  not  however  to  be  assumed  that  in  every  case 
conjugation  results  in  the  production  of  an  animal  exactly  inter- 
mediate in  character  between  the  parents.  Sometimes  the  child 
resembles  closely  the  father  or  the  mother,  a  result  denoted  by  the 
phrase  the  "prepotency"  of  the  father  or  of  the  mother.  Some- 
times in  an  unexplained  way  an  ex^geration  of  a  character  found 
in  one  or  both  parents  is  produced.     Sometimes  even  an  apparently 
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entirely  new  character  arises.     Such  deviations  of  the  offspring 
from  the  average  of  the  parent  constitute  variation.     If  the  dif- 
ference is  striking  the  individual  exhibiting  it  is  called  a  sport. 
It  is  obvious  that  so  vast  a  science  as  Zoology  must  be  divided 
into  various  branches,  since  the  different  queetions  it 


nature  and  conditions  of  the  metabolism  and  the  mechanism  by 
which  movements  are  effected,  etc.,  constitute  the  subject-matter  of 
Physiology;  the  investigation  of  the  structure  of  individuals  and 
of  the  differeuces  in  structure  between  the  various  species  and  the 
search  for  the  causes  of  these  differences  is  termed  Morphology; 
whilst  Bionomics  is  the  name  given  to  the  study  of  the  means 
whereby  an  animal  obtains  its  food  and  orders  its  life,  in  other 
words,  of  its  habits.  But  it  must  be  remembered  that  all  such 
divisions  are  ptirely  arbitrary,  and  indeed  no  great  progress  can  be 
made  in  any  one  department  if  the  others  be  ignored.  Bionomics, 
when  followed  to  its  sources,  passes  into  Physiology,  and  in  trying 
to  explain  the  different  structures  studied  in  Morphology,  constant 
recourse  must  be  had  to  both  Physiology  and  Bionomics, 

Of  all  divisions  of  the  subject,  that  of  Physiology  has  been  most 
neglected ;  it  has  indeed  only  been  studied  systematically  in  the 
case  of  man  and  of  a  few  of  the  higher  animals.  Hence  this  work 
will  be  mainly  concerned  with  the  questions  of  Morphology  and 
Bionomics.  Of  these  questions,  by  far  the  greatest  is  the  problem 
how  the  distinctions  between  the  various  species  are  to  be  explained. 
The  question  of  the  "  Origin  of  Species  "  involves  nearly  all  others 
in  Zoology. 

The  distinctions  between  species  are  o£  very  different  degrees, 
so  that  for  convenience  species  closely  resembling 
each  other  are  collected  into  genera  —  genera  into 
families — families  into  orders — orders  into  classes — and  classes 
into  phyla.  These  are  the  names  in  commonest  use,  but  often  the 
nature  of  the  subject  i-equires  the  introduction  of  further  grades  of 
difference,  and  the  number  of  gi'ades  actually  employed  depends  to 
a  large  extent  on  the  point  to  which  the  analysis  is  pushed. 

The  only  theory  of  the  origin  of  species  which  has  so  far  com- 
manded any  considerable  agreement  amongst  natural- 
^£«cie«.        '^*®  '*  ^^^  famous  theory  of  Charles  Darwin.   According 
to  this  theory,  the  resemblances  between  a  number  of 
living  species  are  due  to  the  fact,  that  these  species  are  descended 
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from  a  common  ancestral  species,  which  possessed  the  common 
features  aa  characters  of  its  own.  Therefore,  the  degree  of  like- 
ness between  species  is  the  expression  of  a  nearer  or  remoter  blood 
relationship,  and  it  logically  follows  that  since  no  part  of  the 
animal  kingdom  is  without  resemblances  to  the  rest,  if  we  recede 
far  enough  in  time  we  reach  a  i>eriod  whea  all  the  animals  in  the 
world  constituted  one  species. 

To  a  certain  extent  Darwin's  theory  was  only  the  expression  of 
ideas  that  had  first  occurred  to  Greek  philosophers,  and  liad  in  one 
form  or  other  been  put  forward  by  many  naturalists  before  him. 
His  distinct  merit  lies  in  that  he  pointed  out  various  processes  at 
present  going  on  in  nature  which  must  lead  to  the  modification  of 
species. 

He  recalled  attention  to  the  well-known  fact,  that  although  the 
offspring  in  general  resemble  the  parents,  yet  this  resemblance  is 
never  exact,  and  further  that  the  young  of  one  brood  often  differ 
quite  perceptibly  from  one  another,  and  that  these  differences  are 
often  inherited  by  the  offspring  of  the  individuals  showing  them. 
Such  differences,  as  has  been  mentioned  above,  are  denoted  by  the 
terra  Variation. 

Again,  another  tact  well  known  but  usually  ignored,  was  em- 
phasised by  l>arwin;  viz.,  that  if  the  state  of  the  animal  population 
of  the  globe  remains  fairly  constant,  out  of  all  the  young  produced 
by  a  pail'  of  parents  during  their  lifetime,  on  an  average  only  two 
will  survive,  since  if  more  were  to  live  the  species  would  inevitably 
increase  in  numbers.  Hence  since  each  animal  tends  to  multiply 
at  a  rate  at  which  if  unchecked  it  would  soon  overrun  the  globe,  a 
competition  must  result  between  the  members  of  each  species  both 
for  food  and  in  the  escape  from  enemies,  as  a  result  of  whicli  the 
"fittest"  will  survive.  So  long  as  the  surroundings  of  the  species 
remain  the  same,  this  struggle  for  existence  will  only  weed  out  those 
individuals  least  perfectly  adapted  to  their  environment,  so  that  the 
species  will  be  kept  up  to  a  high  level  of  adaptation  to  its  surround- 
ings. This  elimination  of  imperfect  individuals  which  results  in  the 
survival  of  the  fittest  is  known  as  Natural  Selection.  Thus 
we  can  well  imagine  that  if  white-haired  individuals  turned  up 
amongst  hares,  they  would  be  more  conspicuous  and  hence  more 
easily  discovered  by  the  animals  which  prey  on  hares.  If  however 
the  circumstances  of  a  species  change,  a  different  class  of  individuals 
will  survive.  For  instance,  if  for  the  greater  part  of  the  year  the 
country  inhabited  by  the  hares  were  covered  by  snow,  as  is  the  case 


^aovGoOt^lc 


I.]  ORIGIN  OP   SPECIES  11 

in  the  North  of  Canada,  the  whitest-haired  indiriduals  would  have 
the  boat  chance,  and  from  generation  to  generation  would  he  selected 
until  the  colour  of  the  hare  was  totally  changed.  The  progreBsive 
modification  of  species  by  the  agency  of  natural  selection  is  called 
evolution.  If  the  modification  tends  towards  simplification  of 
structure  it  is  called  degeneration,  if  on  the  contrary  it  tends 
towards  great  complexity  it  ia  spoken  of  as  differentiation. 

So  far  the  theory  shows  how  a  species  will  become  slowly  modified 
as  its  surroundings  change.  But  it  has  been  postulated  that  distinct 
species  have  arisen  from  the  same  ancestors.  It  is  of  course  not 
difficult  to  see  that  if  a  species  is  distributed  over  a  wide  area  the 
conditions  in  different  portions  may  vary  independently  of  one 
another,  and  hence  the  species  may  become  modified  in  one  place 
in  one  direction  and  in  another  situation  in  a  different  direction  by 
the  agency  of  natural  selection.  So  long  however  as  the  species 
inhabits  a  continuous  area  this  tendency  to  split  up  into  divergent 
groups  will  be  checked  by  interbreeding  between  the  sections  of 
the  species  which  are  thua  becoming  modified  in  different  directions. 
But  if  through  geographical  changes  the  species  becomes  divided 
into  groups  of  individuals  cut  off  from  access  to  another,  then  no 
interbreeding  can  take  place  and  in  time  two  species  will  be  formed. 
Thus  when  birds  have  been  blown  far  out  to  sea  and  have  colonised 
a  distant  island  they  have  often  given  rise  to  a  new  species. 
The  same  resiilt  may  be  brought  about  by  the  sea  overflowing  a 
part  of  the  area  inhabited  by  the  species,  an  event  which  we 
know  from  geology  to  have  occurred  often.  The  important  fact  to 
be  borne  in  mind  is  that  at  bottom  the  evolution  of  several  species 
out  of  one  ia  due  to  the  formation  of  colouies,  and  that  the  same 
causes  which  have  led  to  the  differences  between  the  American  and 
the  Englishman  have  acted  ^ain  and  again  in  the  world's  history  so 
as  to  produce  the  marvellous  variety  of  apecies  inhabitii^  the  globe, 
the  only  difference  between  human  and  animal  colonies  being  that, 
in  the  latter  ease,  the  divergence  has  become  so  great  that  animal 
colonists  will  no  longer  breed  with  the  original  race.  Thua,  accepting 
Darwin's  theory,  we  find  it  possible  to  give  a  rational  explanation  of 
those  resemblances  between  animals  which  are  expressed  in  a  system 
of  classification '.  If  the  theory  be  rejected  these  resemblances  are 
pure  figments  of  the  human  mind,  and  the  apecies  must  be  regarded 

'  Most  ot  the  names  employed  In  clarification  were  in  use  before  Darwin's 
views  were  accepted.  Tlie  word  phylum  (Gr.  ^CXo*,  tribe  or  gtock)  is  however 
an  exception.  Thla  term  expresses  the  central  idea  of  the  evolutiun  theory, 
and  ita  proper  use  is  to  denote  the  whole  of  &  group  of  animals  characterised 
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as  just  as  independent  of  one  another  as  are  the  chemical  atoms. 
Hence  since  it  is  a,  choice  between  this  explanation  or  none,  the 
Darwinian  theory  is  accepted  by  the  overwhelming  majority  of 
naturalists. 

One  or  two  interesting  consequences  follow  from  the  acceptance 
of  this  theory.  The  structural  features  of  animals  are  to  be  regarded 
as  adaptations  to  their  surroundings,  since  they  have  been  built  up 
by  natural  selection.  Hence  an  isolated  resemblance  in  a  particular 
feature  between  two  species  need  not  necessarily  indicate  that  this 
feature  was  present  in  the  common  ancestral  species,  for  similar 
surroundings  may  have  evolved  a  similar  modification  in  two 
animals  only  remotely  related.  Such  similarities  are  called  homo- 
plasy,  whereas  resemblances  believed  to  indicate  blood-relation- 
ships are  grouped  under  the  term  homology. 

Again,  the  immature  forms  of  some  animals  arc  found  to  exhibit 
strong  resemblances  to  the  a<lults  of  others,  and  the  eggs  of  all  the 
highest  animals  show  the  strongest  general  resemblance  to  the 
simplest  animals  —  the  so-called  Protozoa  (Gr.  wpuiros,  first,  i^wov, 
animal).  If  these  resemblances  are  to  be  interpreted  in  the  same 
way  as  those  prevailing  between  adtilts  —  and  it  is  illogical  to  refuse 
to  do  so — then  we  are  driven  to  conclude  that  most  animals  in  their 
development  pass th  u  h  tag  h  nth  j  exhibit  many  characters 
I  by  t!        an     t  ra  n  n  ing  at  the  stage  of  the 

These  latt  an  al  n  th  y  are  about  as  simply 
constructed  as  we  can  u  ag  1  g  natt  r  to  be,  may  be  looked 
on  as  slightly  modified   u  s    ftl    fi    t  animals  which  appeared 

on  the  globe. 

This  method  of  interpreting  the  changes  which  occur  during 
development  is  what  is  known  as  the  Recapitulation  Theory, 
because  during  Ontogeny  (Gr.  uy,  oitm,  being)  or  the  development 
of  the  individual,  nature  recapitulates  to  some  extent  the  develop- 
ment of  the  species  in  past  time,  Phylogeny  (0iJA.<w,  a  stock,  a  race). 
There  are,  however,  a  great  many  other  factors  which  have  modified 
development,  and  the  determination  of  these  and  their  separation 
from  the  hereditary  factor  is  a  task  requiring  careful  study  and  one 
which  is  as  yet  far  from  complete. 

by  having  the  same  ground-plan  of  structure  and  believed  to  be  the  descendanta 
of  a  common  ancestor,  from  whom  no  other  liviug  animals  are  descended. 
The  essential  feature  about  a  phylum  is  its  isolation,  in  the  present  state 
of  our  knowledge,  from  other  phyla.  Of  course  it  is  believed  that  at  bottom 
all  living  beings  constituted  one  phylum,  hut  there  are  enormous  differences 
e  which  can  only  be  bridged  b)'  imaginative  hypotheses. 
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CHAPTER   11 
^^  Phylum  Protozoa 

The  Protozoa  are  distinguished  from  all  other  animals  (1)  by 
the  fact  that  thej  do  not  produce  ova  and  aperiuatozoa  but  that  the 
whole  aiiiuial  engages  in  the  procesaea  of  conjugation  and  repro- 
duction, and  (2)  by  the  fact  that  the  protoplasm  of  the  body  is  never 
differentiated  into  tissues  nor  exhibits  cellular  structure  (see  p.  27)'. 
The  higher  animals  are  of  ten  groiii>ed  under  the  name  Metazoa 
(Gr.  fUTo,  after ;  ti^ov,  an  animal)  in  order  to  contrast  them  with 
the  Protozoa,  but  whereas  the  Protozoa,  since  they  have  a  common 
structural  ground-plan,  constitute  a  phylum  in  the  sense  defined 
in  the  last  chapter  the  same  is  by  no  means  true  of  the  Metazoa. 
Hence  the  name  Metazoa  does  not  denote  a  phylum  but  is  a  mere 
convenient  collective  term. 

The  term  Invertebrata  is  also  a  mere  collective  name;  it 
is  employed  to  designate  all  animals  which  do  not  belong  to  the 
phylum  Vei-tebrata.  Like  the  name  Metazoa  its  convenience  in 
promoting  terseness  of  expression  is  its  only  justification.  The 
Protozoa  are  thus  Invertebrata  and  the  Vertebrata  are  Metazoa. 

The  phylum  Protozoa  includes  the  simplest  and  lowest  luem- 
bera  of  the  animal  kingdom.  With  few  exceptions  the  members 
of  this  pliylum  are  too  small  to  be  seen  by  the  naked  eye,  and  yet 
many  of  them  are  of  great  im^xirtance  in  the  economy  of  nature. 

In  order  to  fix  our  ideas  we  may  select  one  of  the  simplest 
Protozoa  as  a  type  for  examination.  Amoeba,  some- 
times called  the  Proteus  animalcule,  from  its  power 
of  continually  changing  its  shape,  is  found  in  the  mud  at  the 

<  To  both  these  statements  there  nre  goroe  exceptions  and  as  our  knowledge 
increaaes  the  number  of  the  exceplioas  seema  U)  augujent 
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bottom  of  ditches,  ponds  and  pools  of  stagnant  water.  There  are 
several  species  varying  somewhat  in  size  included  uuder  the 
generic  name  Amoeba;  all  of  them,  however,  are  so  small  as  to 
necessitate  the  use  of  a  microscope  for  their  examination.  AVhen 
magnified  an  Amo^a  appears  like  a  small,  almost  transparent  lump 
of  jelly,  in  which  we  can  distinguish  a  thiu  outer  rind  and  inner 


Fio.  1.     Amoeba  proleui  x 


substance.  The  first,  called  the  ectoplasm,  is  almost  absolutely 
transparent,  the  second,  called  the  endoplasm,  has  usually  a 
grayish  tinge,  due  to  the  presence  of  minute  solid  particles  or 
granules,  and  is  therefore  described  as  granular.  Often,  indeed, 
good-sized  objects  of  various  shapes  and  generally  of  a  green  or 
yellow  colour,  can  be  seeo  in  the  endoplasm ;  these  are  the 
undigested  remains  of  the  microscopic  plants  which  the  animal  has 
eaten  and  are  surrounded  by  bubbles  of  water,  termed  vacuoles. 
Amoebae  frequently  engulf  particles  of  sand,  though  for  what 
purpose  is  unknown;  possibly  to  render  themselves  less  palatable 
to  animals  which  might  eat  them.  If  the  Amoeba  is  healthy  we 
shall  see  it  move.     The  transparent  ectoplasm  slowly  scuds  out  a 
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projection,  and  then  the  granular  endoplasm  flows  into  it.  As  of 
course  the  size  of  the  animal  does  not  alter,  when  a  process  is 
thrust  out  in  front,  the  rest  of  the  animal  must  follow  it  by 
shrinking  away  behind ;  indeed  it  would  no  doubt  be  more  correct 
to  say,  that  it  is  the  shrinking  or  contraction  of  the  animal's  body 
behind,  which  forces  out  the  projection  in  front,  for  the  movement 
of  an  Amoeba,  like  the  movement  of  every  other  kind  of  animal,  is 
brought  about  by  a  series  of  contractions. 

These  projections  are  called  by  the  awkward  name  of  pseudo- 
podia  (Gr.  ^cvSts,  false;  iroSun',  a  little  foot);  the  adjective  pseudo 
implies  that  they  are  not  fixed  organs  like  our  own  limbs,  but  are 
made  at  any  part  of  the  surface  of  the  body.  When  Amoeba  comes 
across  anything  it  desires  to  eat,  it  throws  out  pseudopodia  on  each 
side  of  it ;  these  then  unite  beyond  the  object,  and  so  the  latter 
becomes  engulfed,  so  to  speak,  in  the  body  of  the  animal,  where 
it  is  digested.  It  may  thus  be  said,  that  Amoeba  flows  round  its 
prey.  Once  the  prey  is  inside,  it  is  surrounded  by  a  drop  of  water, 
poured  out  of  the  surrounding  protoplasm  or  enclosed  with  the  food. 
There  is  probably  some  substance  secreted  into  this  water  which 
acts  on  the  prey  and  dissolves  it. 

One  of  the  most  marked  features  in  which  Amoeba  differs  from 
other  animals,  from  ourselves  for  instance,  is,  that  it  possesses  no 
separate  parts  or  organs,  such  as  stomach,  heart,  lungs,  etc.,  fitted 
to  perform  the  separate  vital  actions,  or  functions  as  they  are  . 
called.  It  breatlies,  that  is,  absorbs  oxygen  and  gives  off  carbon 
dioxide  all  over  the  body ;  and  it  likewise  excretes,  that  ia,  gets  rid 
of  the  oxidised  protoplasm,  at  all  points  of  the  surface.  If,  however, 
we  are  so  fortunate  as  to  come  across  a  large  Amoeba,  which  is 
at  the  same  time  comparatively  clear  of  granules,  and  moving  only 
sluggishly,  we  may  be  able  to  make  out  two  definite  objects  in  the 
endoplasm.  The  first  of  these  is  called  the  contractile  vacuole 
(2,  Fig.  1) ;  this  is  a  clear  round  space,  which  slowly  enlarges  and 
then  suddenly  vanishes ;  and  then  reappears  in  the  same  place  and 
goes  through  the  same  series  of  changes.  It  is  believed  that  the 
cause  of  this  appearance  is  tliat  at  a  certain  point  in  the  endoplasm 
a  substance  is  produced  by  katabolism  with  a  strong  affinity  tor 
water;  this  substance  attracts  to  itself  from  the  surrounding 
protoplasm  wat«r,  carrying  in  it  the  soluble  waste  products,  in  fact 
drainiug  the  protoplasm  and  forming  a  drop.  This  drop  swells 
until  it,  so  to  speak,  bursts  the  covering  of  protoplasm  separating 
it  from  the  outside  water;  the  space  it  occupies  then  collapses,  but 
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as  BooQ  aa  the  flmd  liaa  escaped,  the  rent  in  the  protoplasm  joins 
up  again,  and  as  the  excretory  process  continues,  the  drop  of  fluid 
again  accumulates. 

The  other  object,  which  we  may  perceive,  is  the  nucleus.  This 
is  a  spherical  body  consisting  apparently  of  the  same 
kind  of  material  as  the  endoplasm,  only  slightly  denser 
(l.Pig.l).  If  we,  however,  kill  the  animal,  by  running  in  some  iodine 
under  the  coverslip,  the  nucleus  stands  out  at  once  in  contrast  to  the 
rest  of  the  protoplasm  by  ita  property  of  taking  up  more  iodine  and 
appearing  stained  a  much  deeper  colour,  and  this  happens  in  the 
case  of  any  Amoeba,  whether  we  have  been  able  to  see  the  nucleus 
whilst  it  was  living  or  not.  The  nucleus  is  an  essential  part  of 
the  body  :  when  deprived  of  it,  metabolism  within  the  protoplasm 
slackens  and  finally  stops.  All  living  things,  animals  or  plants, 
possess  one  or  more  nuclei,  though  in  some  rare  cases  the  nucleus 
appears  to  take  on  the  form,  not  of  a  compact  body,  but  of  a  network 
branching  through  tlte  protoplasm.  The  bigger  the  plant  or  animal, 
the  more  nuclei  it  possesses.  The  so-called  "  Flowers  of  Tan  " 
(Mycetozoa),  which  creep  over  the  hides  in  tan-pits,  are  some  of 
the  few  Protozoa  which  are  distinctly  visible  to  the  naked  eye  ;  they 
may  be  compared  to  gigantic  Atnoebae  with  branching  pseudo- 
podia,  and  they  have  thousands  of  nuclei.  In  the  case  of  certain 
Protozoa  it  has  been  proved  that  it  the  animal  be  broken  in  pieces, 
those  bits  which  contain  a  nucleus  can  repair  themselves  and 
continue  to  live,  eventually  growing  to  form  an  animal  like  the  one 
of  which  they  are  fragments;  but  those  bits  which  contain  uo 
nucleus,  though  they  continue  to  live  for  a  short  time,  have  no 
power  of  feeding  themselves,  nor  of  growth.  On  the  other  hand  if 
the  nucleus  be  freed  from  protoplasm  it  dies;  life  defwuds  on  the 
mutual  reactions  of  protoplasm  and  nucleus, 

The  reproduction  of  A7noeba  takes  place  by  the  simplest 
Reproduction  couccivable  proccss ;  the  animal  divides  itself  into 
■DdEocyM-  two.  This  process  is  called  fission;  and  it  is  found 
that  the  nucleus  always  divides  into  two,  before  the 
body  as  a  whole  shows  any  signs  of  the  process,  ^^^len  Avioebae 
are  exposed  to  unfavourable  conditions,  such  as  the  drying  up  of 
their  surroundings,  they  have  the  power  of  enclosing  themselves  in 
a  ey  st.  They  draw  in  all  their  pseudopodia  and  assume  a  spherical 
form,  and  the  cyst  appears  as  a  membrane  on  the  outside,  which 
then  thickens.  Once  enclosed  within  its  cyst,  Amoeba  can  be  blown 
about  like  a  particle  of  dust,  and  in  this  way  we  can  account  for 
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the  fact  that  we  sometimes  find  Amoeba  in  infusions,  that  is,  solu- 
tions made  by  allowing  some  animal  or  vegetable  matter  to  stand  iu 
■water  exposed  to  the  air.  It  we  put  some  hay  or  meat  into  perfectly 
pure  water  and  expose  it  to  the  air,  it  will  putrefy ;  this  is  due  to 
thedevelopraent  of  minute  microscopic  plants  called  Bacteria,  the 
germs  of  which  are  carried  by  the  air :  at  a  later  stage,  various 
Protozoa  and  sometimes  Amoebae  will  appear.  At  one  time  it  was 
supposed  that  both  Bact«ria  and  Protozoa  were  spontaneously 
developed  out  of  the  dead  meat,  but  it  has  been  shown  that  if  the 
water  and  meat  be  boiled,  so  as  to  kill  any  spores  which  may  be  ia 
them,  and  the  mouth  of  the  vessel  plugged  with  cotton-wool  whilst 
steam  is  issuing,  so  that  the  air  penetrating  from  outside  through 
the  interstices  of  the  wool  has  all  the  spores  it  may  carry  strained 
off  before  it  comes  in  contact  with  the  water,  neither  Bacteria  nor 
Protozoa  will  appear.  The  cyst  which  invests  the  body  of  the 
Amoeba  is  the  first  instance  we  have  met  with  of  what  is  called  a 
secretion.  A  secretion  has  already  been  defined  as  dead  substance 
which  is  of  use  to  the  animal,  and  which  is  produced  by  the 
decomposition  of  protoplasm. 

When  we  were  describing  the  endoplasm  of  Amoeba  above,  we 
called  it  granular,  OTving  to  its  containing  solid  particles.  When 
the  highest  powers  of  the  best  microscopes  are  used,  it  apftears  that 
both  endoplasm  and  ectoplasm  have  a  structure  comparable  to  that 
exhibited  by  a  mass  of  soap-bubbles.  Tlie  walls  of  the  bubbles 
consist  of  the  actual  living  substance  which  is  probably  composed 
of  the  biogen  molecules ;  the  cavities  are  filled  with  water  which 
has  in  solutiou  the  products  of  digestion,  from  which  the  living 
framework  repairs  itself,  and  likewise  the  excretory  products.  This 
water  also  conveys  in  solution  the  oxygen  necessary  for  life  and 
removes  the  carbon  dioxide.  It  ia  only  by  means  of  a  structure  like 
this,  that  the  complicated  chemical  changes  which  constitute  life 
can  be  perfectly  carried  out  by  every  particle  of  the  living  substance. 
The  granules  are  temporary  deposits  in  a  solid  form,  either  of 
matter  resulting  from  katabolism,  or  of  nutritious  matter  not  yet 
assimilated. 

We  must  now  glance  at  some  animals  allied  to  Amoeba,  iu  order 
to  gain  some  idea  of  the  group  Protozoa  as  a  whole. 

IHffi-ugia  and  Arcella  are  both  found  In  the  mud  of  pools  and 

ponds;    they    resemble    Amoeba   in    general    structure 

but  differ  from  it  in  being  provided  with  shells.     In 

consequence    of    having   these,   they  are   only  able  to  put  out 
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pseudopodia  at  one  spot,  the  mouth  of  the  shell.  The  shell  of 
Diffltit/ia  is  composed  simply  of  grains  of  sand  stuck  together  with  a 
secretion ;  it  has  the  shape  of  a  pointed  egg  with  the  thick  end  cut 
off  (1,  Fig.  2).  Arcella,  on  the  other  hand,  makes  its  shell  entirely 
out  of  its  own  secretion ;  this  is  colourless  when  thin,  but  as  the 
animal  gi-ows  oldet,  the  shell  becomes  thicker  and  acquires  a  char- 
acteristic brown  colour,  and  we  are  enabled  to  recognise  that  it 
consists  of  chitin.  This  is  really  a  name  for  a  class  of  substances 
which  are  constantly  met  with  in  the  animal  kingdom  and  which 
are  probably  allied  in  composition  to  uric  acid.  Out  of  chitin,  for 
instance,  all  insects  construct  their  hard  cases.  It  seems  probable 
that  the  self-destruction  of  protoplasm,  which  results  from  the 


Fio.  2.    Difflugia  ui-ceolala  x  100.    After  Leidy. 

1.   Shell  composed  at  particles  of  sand  containing  body  of  the  animal. 

2.   J'seudopodia. 

ordinary  vital  functions,  may  in  many  cases  give  rise  to  chitin,  so 
that  perhaps  in  Arcella,  the  shell  is  at  once  a  protection  and  the 
ordinary  excretion.  The  shape  of  this  shell  is  like  a  watch^lass, 
with  a  flat  lid  resting  on  it,  and  in  the  middle  of  the  lid  there  is  a 
round  hole,  through  which  the  pseudopodia  come  out.  Sometimes 
gas  bubbles  (7,  Fig.  3)  can  be  seen  in  the  body  of  the  animal,  which 
tend  no  doubt  to  balance  the  weight  of  the  shell.  Owing  to  the  blunt 
character  of  the  pseudopodia,  Amoeba,  Diffiugia,  Arcella,  and  similar 
forms  are  united  into  a  class  termed  Lobosa  (Gr.  Xo^os,  a  lobe). 

The  Protozoon   6-romia  possesses   a  thin   membranous   shell, 

F  mminiiira     shaped    somewhat   like  that   of  Difflugia:    but   the 

animal  shows  two  importaut  differences;    first,  the 
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protoplasm  of  which  the  body  is  composed,  besides  filling  the  shell, 
extends  in  a  thin  layer  all  over  its  outer  surface  (2,  Fig.  4),  and 
secondly,  the  paeudopodia,  which  are  given  off  from  this  layer,  are 
thin  and  delicate  threads,  which  join  and  interlace  with  each  other 
so  as  to  form  a  network.  Oromia  seizes  its  prey  by  entangling  it  in 
these  fine  pseudopodia;  these  then  flow  together  and  form  a  little 
Island  of  protoplasm  surrounding  the  captive,  which  is  thus  digested 
quite  outside  the  main  part  of  the  body;  the  products  of  digestion 


Fio.  8.     Areella  ditcoidei  x  600.     From  Leidy. 
A.    Seen  from  above.  B.   Seen  from  the  aide,  optical  section.         1.   Sbell. 

2.  Pseudopodia.  3.  Edge  of  openiog  into  shell.  4.  Thread  attach- 
ing animal  to  inner  surface  of  Bbell.  6.  Nucleus.  6.  Food  vacuole, 
7.  Gas  vacuole. 

being  carried  along  the  pseudopodia  into  the  protoplasm  which 
is  inside  the  shell. 

We  may  next  consider  a  rather  larger  ProtozSon,  which  is 
allied  to  Oromia  and  like  it  possesses  a  shell,  which  however  is 
composed  not  of  chitin  but  of  calcium  carbonate.  The  name  of  this 
animal  is  Polystomella  (Fig,  6).  Like  Oromia  it  possesses  delicate 
interwoven  pseudopodia  which  spring  from  the  whole  surface,  since 
there  is  a  thin  layer  of  protoplaam  covering  the  outside  of  the 
shell,  afl  well  as  the  main  mass  inside  it     Unlike  Oromia,  however. 
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their  relative  natural  length.    From  M.  S.  Schultze. 
.  Shell.  2.  Prntoplasm  BurroondlnR  shell.  3.  Faeudopodia,  fusing 

together  in  places,  and  suirounding  food  particles  Buch  aa  diatoms.         ■ 
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Poty^omeUa  has  a  shell  which  is  perforated  by  a  large  number  of 
miaute  boles,  through  which  pass  cords  of  protoplasm,  coDuecting 
the  inner  and  outer  parts  of  the  aoimal.  Polystotaella  ia  therefore  a 
typical  example  of  the  Foraminifera  (Lat. /orameii,  a  hole;  fero, 
to  carry),  a  class  which  includes  countless  varieties  of  microscopic 
shells,  generally  composed  of  calcium  carbonate,  loss  frequently  of 
flint  (silica).  Qromia  is  included  in  the  Foraminifera,  though  it 
does  not  possess  the  peculiarity  indicated  by  the  name,  because  its 
whole  structure  shows  that  it  is  really  the  same  kind  of  animal. 
There  is  another  most  instructive  feature  of  the  structure  of 
Polystometla,  wherein  it  differs  from  Qromia.  If  we  examine  the 
shell  with  the  low  power  of  a  microscope,  we  shall  see  that  it  is 
shaped  like  a  rather  flat  snail  shell,  or  the  shell  of  the  Pearly 
Nautilus.  If,  however,  we  dissolve  away  the  shell  with  dilute  acid 
so  as  to  expose  the  proper  body  of  the  animal,  it  will  be  seen  that 
this  is  made  up  of  separate  parts,  united  to  each  other  by  two  or 
three  little  bridges  of  protoplasm,  and  arranged  one  behind  the 
other  in  a  spiral  series.  This  is  the  first  example  we  have  met  with 
of  the  repetition  of  similar  parts  in  a  definite  order,  but  upon  this 
principle  of  the  repetition  of  similar  parts,  the  bodies  of  the  most 
complicated  animals  are  built  up.  It  Is  no  doubt  fundamentally 
the  same  thing  as  reproduction,  only  the  various  units  which  are 
produced,  instead  of  separating  from  each  other  and  leading  sepa- 
rate existences,  remain  coimected,  and, as  we  say, are  co-ordinated 
to  form  an  individual  of  a  more  complex  kind.  In  Polyslomella, 
the  various  parts  are  called  chambers;  a  name  which  properly 
belongs,  and  was  lirst  applied  to,  the  segments  of  the  shell  enclos- 
ing them.  It  is  worthy  of  note  that  it  is  only  the  protoplasmic 
body  of  Poly^omella  which  shows  this  composition  out  of  definite 
units  arranged  in  a  definite  order ;  there  may  be  one  large  nucleus 
or  a  considerable  number  of  smaller  nuclei,  but  they  are  not 
arranged  in  correspondence  with  the  chambers. 

The  group  Foraminifera,  of  which  Gromia  and  Polyslomella  are 
examples,  is  of  an  enormous  extent,  and  includes  an  inimeuse  variety 
of  forms,  the  variety  being  broi^ht  about  by  differences  in  the 
number  of  chambers  and  the  way  they  are  arranged  in  series.  The 
Foraminifera  almost  all  live  in  the  sea;  some,  like  the  two  we 
have  described,  creep  about  amongst  the  sand  and  debris  at  the 
bottom  of  pools  or  other  places  where  the  water  is  quiet;  many 
others  float  at  the  surface  of  the  ocean,  the  protoplasm  which  clothes 
the  outside  of  the  shell  having  numerous  vacuoles  filled  with  fluid 
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probably  less  dense  than  the  sea-water,  and  thus  serving  as  floats. 
In  such  inconceivable  myriads  do  these  floating  Foraminifera  exist, 


Fio.  5.     Poli/$tomfUa  critpa.     Highly  magnifled.     After  M.  S.  Schultze, 
1.   Shell.       2.    PseudopodiEU       3.   A  mass  of  protoplasm  formed  b;  the  fusioa 


that  their  empty  shells  form  thick  banks  of  impalpable  white  chalky 
mud  at  the  bottom  of  the  ocean,  and  the  familiar  white  chalk  of 
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our  English  cliffs  and  hills  is  largely  made  up  of  the  shells  of 
ForamiQifeta. 

We  may  pass  now  to  the  eonsideration  of  some  Protozoa, 
which  show  a  good  deal  of  resemblance  in  many 
points  to  the  Foraminifera,  though  they  have  very 
marked  peculiarities  of  their  own.  These  are  the  Eadiolaria; 
they  have  delicate  threadlike  interlacing  pseudopodia,  and  their 
protoplasm  is  divided  into  two  parts — an  inner  and  an  outer  — 
by  a  membranous  case  pierced  with  pores,  through  which  the  two 
parts  communicate  with  each  other.  This  membranous  case  may 
be  obviously  compared  to  the  Foraminiferan  shell,  but  the  interesting 
fact  is  that  these  Badiolaria  have  in  addition  to  this  another  skeleton 
composed  not  of  chalky — calcareous — but  of  flinty  —  siliceous  — 
substance,  as  are  also  some  of  the  shells  of  the  Foraminifera.  This 
flinty  skeleton  may  consist  simply  of  isolated  needles  sticking  out 
on  all  sides  from  the  centre;  oftener,  however,  it  consists  of  a 
beautiful  basketwork  as  in  Helioupkaera  inermis  (Fig.  6),  and  some- 


Fio.  S.     Helioiphaera  inermis  x  360.     From  BUtachli. 
1.   Skeleton.       2.  Central  capsule.        3.  Nucleus. 

times  we  find  several  of  these  baskets  one  within  the  other,  like  the 
Chinese  ivor^'  ball.  The  Kadiolaria,  like  the  free-swimming  Fora- 
minifera, have  a  bubbly  outer  protoplasm,  and  often  drops  of  oil  in 
the  inner  protoplasm ;  these  stnictures  serve  to  sustain  them  and 
they  are  found  floating  at  the  surface  of  the  sea  amongst  the  Fora- 
minifera. At  the  bottom,  in  medium  depths,  their  flinty  skeletons, 
though  mixed  with  the  calcareous  sheila  of  the  Foraminifera,  do  not 
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affect  the  general  character  of  the  chalky  mud  (called  the  Globigerina 
ooze,  from  the  name  of  one  of  the  commonest  Foraminifera  found 
in  it),  but  at  greater  depths,  owing  to  the  enormous  pressure,  the 
quantity  of  carbonic  acid  dissolved  in  the  water  increases  very 
much  —  on  the  same  principle  that  the  pressure  inside  a  soda-water 
bottle  keeps  the  gas  dissolved,  — and  all  the  shells  composed  of 
chalky  matter  are  dissolved,  only  the  flinty  skeletons  being  left. 
The  bottom  mud  here  entirely  changes  its  character  and  is  called 
Radiolarian  ooze. 


Fio.  7.     Various  atJigea  of  Chondritxlcrmn  difforme.     From  Strasbu^er. 
A.    FlageUula  leaving  c.vst.       B  And  C.    Flagellulae,       D  young  and  E  older 
aiuoebiilae.         F.    Ainoebulae  fiiaing  to  form  Plasmodium.       All  x  540. 
G.    I'laaiuodiutn  y  90.        1.    'The  nucleus. 

The  next  group  of  Protozoa  to  be  considered  is  a  very  remark- 
able one,  including  the  largest   forms  known.     The 

''  "*"■  so-called  "Flowers  of  Taii"(Mycetozoa)  are  brightly 
coloured  patches,  which  may  be  seen  on  the  surface  of  the  oak-bark 
used  in  tan-pits.  Similar  patclies  may  be  seen  on  old  tree  stumps 
and  on  the  surface  of  beanstalks  which  have  Ijccn  wet  for  a  con- 
siderable time.  These  patches  under  the  inicroscoi>e  are  seen  to 
resemble  enormous  Atnoebae  with  thin   branching  pseudopodia, 
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whioh  are  apt  to  join  one  another  to  form  networks,  although  these 
networks  are  much  coarser  than  in  the  case  of  the  Foraminifera. 
The  fluid  endoplasm  is  seen  to  have  a  regular  flow  alternately 
backwards  and  forwards  in  these  pseudopodia ;  the  movement  of 
the  whole  mass  in  any  direction  being  due  to  the  predominance  of 
the  forward  flow  over  the  backwai-d,  or  vice  versa.  When  stained 
the  protoplasm  is  seen  to  include  thousands  of  very  small  nuclei. 
The  name  Mycetozoa  literally  means  Fungus  animals  (from  Gr.  /iVKijs, 
a  fungus,  fia,  animals).  They  are  also  often  called  Myxomycetes  — 
literally  Slime-Fungi,  both  names  having  been  suggested  because 
the  extraordinary  mode  of  reproduction  leads  some  naturalists  to 
consider  them  to  be  plants.  Their  power  of  encystment  is  very 
marked,  the  slightest  tendency  to  drought  calls  it  into  action,  and 
then  a  mass  will  break  up  into  numerous  cysts,  which  will  remain 
pfrfectly  passive  until  wetted.  Itefore  reproduction,  the  same 
process  occurs,  but  the  contents  of  the  cyst  divide  repeatedly  so 
as  to  form  a  mass  of  small  germs  —  spores  —  which  acquire  walls 
of  cellulose,  a  constant  product  of  plant  life.  Some  of  the 
proto])lasm  not  used  in  the  formation  of  spores  fonns  long  threads 
of  cellulose,  called  collectively  a  capillitium,  which  when  wetted 
expands  and  so  expels  the  spores.  The  appearance  of  cellulose  was 
the  only  justification  for  regai'ding  these  animals  as  in  any  way 
allied  to  plants,  and  it  is  known  that  cellulose  is  quite  a  constant 
product  in  some  groups  of  animals.  The  contents  of  the  spore 
escape  as  a  germ  propelling  itself  by  a  vibratile  thread  called  a 
flagellum  (B  and  C,  Fig.  7),  the  germ  itself  being  termed  a 
flagellula.  This  thread  is  soon  withdrawn  and  the  germ  takes  on 
the  form  of  a  small  Amoeba  and  is  then  called  an  amoebula  (D, 
E,  and  F,  Fig.  7).  Many  of  these  amoebulae  coalesce  to  form  the 
adult  form,  which  is  called  the  plasmodium  (G,  Fig.  7),  a  name 
given  to  the  result  of  the  fusion  of  a  number  of  originally  separate 
animals. 

The  Sun  animalcules,  or  Heliozoa  (Gr.  iJXkk,  the  aun),  which 
inhabit,  with  few  exceptions,  fresh  water,  were  formerly 
confounded  with  the  Radiolaria,  but  they  are  in  real- 
ity totally  different  fi-om  these.  They  are  spherical  in  shape  and 
have  a  large  number  of  stiff  pointed  pseudopodia  sticking  straight 
out  all  round  them,  like  the  conventional  rays  in  pictures  of  the 
sun.  The  common  and  scientific  names  are  taken  from  this  cir- 
cumstance. Since  these  animals  float  about,  it  is  not  surprising  to 
find  much  the  same  structure  in  the  outer  protoplasm  as  we  found 
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in  Badiolaria  and  the  floating  Fotaminifera.  The  pseudopodla  are 
different  in  character  from  those  of  the  Kadiolaria,  since  they  do 
not  interlace,  nor  do  they  run  together  when  they  seize  prey ;  the 
captured  food  is  simply  pressed  in  towards  the  body  by  the  bend- 
ing of  the  pseudopodia,  and  when  it  is  brought  quite  close,  a 
broad  irregular  pseudopodium,  like  one  of  those  of  Amoeba,  shoots 
out  and  engulfs  it.  Pseudopodia  were  defined,  in  the  case  of 
Amoeba,  as  irregular  projections  shot  out  at  intervals  from  the  body 
and  soon  withdrawn  and  the  question  arises,  how  far  we  have  any 


Fid.  8.    Aetinophrni  lol  x  about  800.    From  Bronn. 
1.    E^loplasin.     2.  Endoplasm.      3.  Contractile  vacuole.     4.  Food  vacuole. 
5.   Nucleus.  0.  Axis  of  a  pseudopodium. 

righttocallby  the  same  name  these  stiff  projections  of  the  Heliozoa. 
They  are,  however,  true  pseudopodia,  for  if  the  animal  be  sub- 
jected to  strong  irritation,  they  are  all  withdrawn.  These  animals 
show  a  most  interesting  example  of  the  repetition  of  parts.  The 
species  Aclinopkrya  sol  and  Actinosphaerium  eichhornii  are  both 
comparatively  common  inhabitants  of  our  ditches.  The  first  is, 
however,  exceedingly  minute,  not  more  than  -j^i^q^th  of  an  inch 
in  diameter,  and  possesses  only  a  single  nucleus,  whereas  the  second 
is  large  enough  to  be  just  visible  to  the  naked  eye,  and  has  about 
200  nuclei.  There  is  here  repetition  of  the  nuclei,  but  no  division 
of  the  protoplasm,  whereas  in  J'olyatomella  there  is  segmentation  of 
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the  protoplasm,  but  no  corresponding  multiplication  of  the  nuclei. 
If  both  were  to  occur  simultaneously  and  to  correspond  so  that  the 
body  were  to  consist  of  a  number  of  segments  of  protoplasm,  each 
with  its  nucleus,  the  animal  would  be  said  to  be  multicellular, 
each  unit  being  spoken  of  as  a  cell ;  but  it  would  no  longer  be  a 
Protoz6on. 


Fro.  fl.  Aetinotphaerium  eichkornii  x  200.  From  Leidy.  The  endoplsam  ia 
crowded  witb  food  vacuoles  coiitaiDing  Diatoms,  and  nuclei  represented  in 
the  fisare  by  the  dark  aretiB. 

1.  Contractile  vacuole.  2.  Food  vacuole  which  has  just  swallowed  a  Rotifer. 
3.  Pseudopadla. 

So  far  we  have  been  considering  animals,  which  however  much 

they  may  differ  in  details,  are  all   essentially  naked 

masses  of  protoplasm,  and  in  them  no  very  definite 

Oi^ns  are  set  apart  for  the  performance  of  special  functions.     We 

must  now  examine  some  Protozoa  of  a  distinctly  higher  grade  of 
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structure,  where  definite  organs  exist;  by  the  word  organ  being 
meant  a  part  of  the  body  definitely  fitted  to  perform  some  special 
func!tioD  for  the  general  benefit  of  the  whole.  If  we  examine  the 
roots  of  Duckweed  with  a  lens,  we  shall  probably  find  aome  coated 
with  a  whitish  scum ;  if  these  be  cut  off  and  mounted  in  a  drop  of 
water  on  a  slide  and  examined  with  a  low  power,  they  will  be  seen 
to  be  covered  by  numerous  specimens  of  a  most  beautiful  animal 
called  Vorticelta.  Vhiiicclla  has  something  the  shape  of  a  blue-bell 
flower;  it  consists  of  a  long  delicate  stalk  and 
a  bell-shaped  body  j  by  means  of  the  stalk  it  is 
fixed  to  some  definite  support,  such  as,  for 
instance,  the  Duckweed  root.  The  part  of  the 
body  corresponding  to  the  lip  of  the  bell  is 
broad  and  turned  outwards;  encircled  by  this 
lip,  which  is  called  the  peristome,  there  is  a 
flattened  projection  called  the  disc.  Between 
the  peristome  and  disc  there  is  a  groove,  and 
in  this  we  can  make  out  some  short  hair-like 
structures  waving  to  and  fro;  there  is  a  circle, 
or  rather  one  twist  of  a  spiral  of  these,  as  we 
can  see  when  the  animal  turns  the  surface  of 
the  disc  upwards.  By  the  regular  rhythmical 
bending  of  these  cilia  (Lat.  ciltum,  an  eyelash) 
as  they  are  called,  and  possibly  by  tbe  move- 
ment of  a  rolled  membrane  which  projects  into 
the  gullet,  a  vortex  is  produced  in  tbe  water,  which  draws  particles 
of  food  to  the  Vortieella.  The  cilia  and  the  stalk  are  definite 
permanent  organs,  the  first  of  the  kind  we  have  met  with.  But  the 
possession  of  these  organs  is  not  by  any  means  the  only  difference 
between  Vorticelta  and  the  lower  Protozoa.  The  shape  of  the  body, 
though  it  varies  slightly  with  the  state  of  expansion  or  contraction, 
ia  practically  constant;  no  pseudopodia  are  given  out.  This  is  the 
result  partly  of  the  possession  of  a  firm  membrane  covering  the 
wholeofthebody,  called  the  cuticle,  which  is  a  protective  secretion 
like  the  shell  of  Jlrcetla  only  much  thinner  and  so  intimately  con- 
nected with  the  protoplasm  under  it  as  to  be  inseparable ;  but  the 
constancy  of  shape  is  also  due  to  the  tact  that  the  outermost  layer 
of  the  protoplasm  itself  is  finely  striated,  constituting  a  si>ecially 
contractile  sheet,  surrounding  the  body  and  distinctly  marked  off 
from  the  inner  protoplasm.  This  sheet  is  called  the  cortical 
layer  and  the  striation  is  caused  by  the  differentiation  of  the 
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protoplasm  into  parallel  strings  called  fibrils,  embedded  in  dif- 
ferent material  acting  as  a  cement.  This  arrangement  of  protoplasm 
makes  its  appearance  whenever  the  contractile  power  is  specially 
developed.  The  stalk,  which  is  entirely  composed  of  this  layer, 
might  almost  be  regarded  as  a  muscular  fibre.  The  stalk  is  slightly 
twisted  and  attached  in  a  long  spiral  to  the  inner  side  of  an  elastic 
tube  of  cuticle.  When  contraction  occurs  the  stalk  is  necessarily 
thrown  into  the  most  evident  spiral  curves,  like  a  corkscrew ;  the 
restoration  of  the  form  after  contraction  is  due  to  the  elasticity  of 
the  tube, 

Votticella  possesses  a  contractile  vacuole  and  a  nucleus  just  as 
Amoeba  does ;  in  small  nearly  transparent  specimens  both  are  easily 
detected  during  life ;  in  fact,  if  the  specimen  under  observation  only 
keeps  moderately  still,  we  can  follow  the  expansion  and  contraction 
of  the  vacuole  with  the  greatest  eaae.  The  nucleus  is  very  large, 
and  has  more  or  less  the  shape  of  a  horse-shoe,  though  the  two  ends 
are  generally  at  different  levels,  so  that  in  reality  it  forms  part  of  a 
spiral.  If  we  nm  in  some  iodine,  it  at  once  absorbs  the  stain  and 
stands  out  very  distinctly ;  the  Vorticella,  however,  frequently  shows 
its  dislike  to  the  operation  by  contracting  its  body  into  the  shape  of 
a  ball  and  snapping  itself  off  from  the  stalk :  it  is  then  apt  to  get 
washed  away  from  its  position  by  the  inflowing  iodine  and  we  may 
have  to  search  over  the  slide  to  find  it.  'When  a  Vorticella  is 
irritated,  the  peristomial  lip  is  turned  in  so  as  to  lie  against  the 
disc,  and  thus  the  groove  in  which  the  cilia  lie  becomes  converted 
into  a  tube  and  thus  they  are  efficiently  protected, 

"We  have  seen  above  that  Vorticella  uses  its  cilia  in  order  to 
produce  a  miniature  whirlpool  in  the  water,  by  means  of  which 
particles  of  edible  matter  —  whether  living  or  not  —  are  drawn 
towards  it.  Since,  however,  it  possesses  a  firm  cuticle  and  in 
addition  a  specialized  outer  layer  of  protoplasm,  the  question  arises, 
how  the  food  is  taken  into  the  interior  of  the  body.  If  we  run 
some  Indian  ink  under  the  cover-glass,  we  shall  have  a  demonstra- 
tion how  this  is  managed.  The  black  particles  are  caught  in 
the  whirlpool  made  by  the  cilia,  they  course  round  and  round  and 
finally  accumulate  in  a  pit  which  opens  into  the  ciliated  groove 
and  from  the  bottom  of  this  they  pass  one  by  one  into  the  internal 
protoplasm  of  the  body.  This  pit  which  obviously  passes  through 
both  the  cuticle  and  the  outer  protoplEism  —  the  cortical  layer  as  it 
is  called  —  is  termed  the  pharynx  and  its  opening  the  mouth. 
The  particles  of  Indian  ink  which  have  passed  into  the  body  are 
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surrounded  by  little  drops  of  fluid,  whicli  are  partly  swallowed  with 
it,  partly  secreted  by  the  protoplasm,  in  order  to  effect  the  solatiou 
of  the  particle,  that  is,  its  digestion.  Such  a  drop  is  called  a 
food-vacuole  to  distinguish  it  from  the  contractile  vacuole, 
which  as  we  have  seen,  has  probably  an  excretory  office  to  perform. 
As  there  is  nothing  nutritious  in  Indian  ink,  tlie  Vorticella  soon 


e  of  the  mouth  have 

1.  Disc.  2.  Mouth.  3.  Groove.  4.  VibratUe  membrane  in  moulh. 
6.  EcMplaam,  6.  Endoplasm.  T.  Food-vac uoles.  Tlie  last  of  the  food- 
vocuolex  U  Hearing  the  position  of  the  aiius.  S.  Pharynx  Bhowing  forma- 
tion of  food-TBCuoks.  9.  Contractile  vacuole.  10.  Penuatieni  re- 
ceptacle into  which  tlie  contractile  vacuole  opens.  11.  Micronucleita. 
12.  Nucleus.  13.  Contractile  fibiiles  running  into  muscle  iu  stalk, 
H.    Stalk,  contracted. 

^ts  tired  of  trying  to  digest  it,  and  the  particles  after  having 
travelled  round  the  body  in  a  more  or  less  definite  tract  are  thrust 
out  into  the  ciliated  groove.  Since  this  takes  place  at  the  same 
spot,  there  must  be  a  permanent  hole  in  the  cuticle  here  though 
we  cannot  discern  it,  and  this  opening  may  be  called  the  anus. 
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Therefore  in  contradistinction  to  Amoeba,  where  food  can  be  taken 
in,  and  undigested  remnants  cast  out  at  any  spot  on  the  surface, 
in  VorticeUa  it  is  only  at  one  particular  spot  that  either  action 
can  take  place. 

The  reproduction  of  VorticeUa  is  a  most  interesting  process.  It 
takes  place  by  longitudinal  splitting,  or  as  it  is  technically  called 
fission.  The  disc  splits  into  two,  and  the  cleft  soon  reaches  right 
down  to  the  l>egiiming  of  the  stalk,  so  that  for  a  time  we  have  two 
bodies  attached  to  the  same  stalk.  One  of  these  acquires  a  new 
row  of  cilia  round  its  base;  soon  after  the  original  circle  of  cilia 
and  the  ciliary  groove  disappear;  the  animal  then  breaks  loose 
from  the  stalk  and  swimming  by  means  of  its  new  circle  of  cilia, 
seeks  a  new  place  oi  rest.  The  other  body  remains  on  the  original 
stalk  and  resumes  its  life.  This  simple  style  of  reproduction 
can  go  on  for.  a  long  time  unchecked,  but  experiments  made  on 
other  Protozoa  more  or  less  allied  to  VorticeUa,  show  that  it  has  a 
limit  When  we  were  speaking  of  reproduction  in  the  introductory 
chapter,  we  mentioned  that  in  sexual  reproduction  two  germs  had 
to  fuse  together  lefore  they  could  give  rise  to  a  new  individual. 
Something  like  this  has  to  happen  at  intervals  in  the  case  of 
VoTtic^la,  in  order  that  the  reproduction  by  division  may  go  on  in 
a  healthy  manner.  When  this  process  (conjugation)  is  about  to 
take  place,  one  individual  divides  repeatedly  by  longitudinal  division 
without  any  of  the  new  individuals  produced  breaking  away  from 
the  stalk,  so  that  we  have  a  bunch  of  minute  VorticeUa^  attached  to 
the  same  stalk.  These  afterwards  become  free  and  swimming  away 
attach  themselves  to  the  sides  of  large  stalked  individuals.  There 
then  ensues  an  interchange  of  substance  between  the  two  individuals 
which  thus  adhere  to  one  another ;  the  large  nucleus  of  each  breaks 
up  and  disappears  and  a  small  subsidiary  nucleus,  the  micronucleus 
(11,  Fig.  11),  exceedingly  difficult  to  detect  at  ordinary  times,  now 
comes  into  view.  It  also  breaks  up  and  many  of  the  portions 
disappear,  but  a  part  of  the  micronucleus  of  the  large  one  passes  into 
the  little  one  and  vice  versa.  In  the  case  of  the  allies  of  VorticeUa, 
when  the  two  individuals  which  thus  conjugate  are  of  the  same 
size,  they  separate  after  the  operation,  and  each  goes  on  dividing  on 
its  own  account.  In  the  case  of  VorticeUa,  however,  the  small 
individual  teems  to  be  exhausted  by  the  process  and  is  absorbed 
into  the  body  of  the  other.  It  appears  that  this  process  of  conju- 
gation is  only  effective  when  it  takes  place  between  individuals  of 
difrerent  parentages ;  if  care  ia  taken  to  exclude  all  Vorticeilae  of 
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foreigii  stock  from  &  collection  consisting  of  the  descendants  of  a 
single  one,  either  no  conjugation  takes  place,  or  if  it  does  take  place, 
it  fails  to  produce  the  results  which  normally  follow,  viz.,  increased 
vigour  of  reproduction  and  other  vital  processes.  The  individuals 
which  are  produced  by  fission,  after  a  certain  time,  are  badly 
fornied,  unable  to  feed  themselves  and  die,  and  this  is  the  nearest 
approach  to  natural  death  which  is  met  with  amongst  the  Protozoa. 
Like  Amoeba,  Vorticelia  encysts  and  it  a])pears  still  more 
frequently  than  Ainoeba  in  infusions.  The  Vorticella-e  which  are 
found  under  these  circumstances  are  usually  small  and  transparent 
and  more  favourable  for  observation  than  those  occurring  in 
ditches.     The  genus  occurs  both  in  fresh  and  salt  water. 

Vorticelia  is  but  one   example  of  a  largd  class  of  Protozoa 
termed  Ciliata,  which  agree  with  it  in  all  the  essential  points  of 
structure,  but  differ  in  the  ari-angeroent  of  cilia,  the  absence  of  a 
stalk,  and  more  rarely  in  the  absence  of  a  mouth  and  pharynx. 
This  last  feature  is  found  only  in  those  species  which  live  in  places 
where  the  surrounding  fluid  contains  dissolved  nutriment,  which  can 
percolate  in  at  auy  spot.     An  example  of  such  a  Ciliate  is  Opaliua 
found  in  the  intestine  of  the  Frog.    This 
animal  is  thin  and  plate-like  and  covered 
all  over  with  cilia  of  the  same  size  ar- 
ranged in  regular  lines ;  this  arrangement 
of  cilia  which  is  called  the  holot  rich  ou  3 
arrangement  (oXov,  entire ;  6pli,  hair),  is 
always  associated  with  the  absence  of  a 
stalk  and  of  a  free-swimming  life.    Vorti- 
celia, on  the  other  hand,  is  said  to  be 
peritrichoua  (n-tpt  =  around).  Oixtiina 
is  further  remarkable  for  possessing  a 
large  number  of  nuclei  {1,  Fig.  12),  this 
Fia.  12._     C^alim  ranarum.    jg  ^  rare  occurrence  amongst  the  Ciliata. 
HiRhly  iiiagnifled.  ,„,         ,  ,-   ■  ■ 

From  Broun.  When,  however,  division  commences  it 

1.  Nuclei.  2.  Ectoplaam.   continues  until  the  resulting  pieces  have 

only  one  nucleus  each ;  they  then  grow 
and  do  not  divide  again  till  they  acquire  the  size  they  had  before 
division  took  place  and  also  the  same  number  of  nuclei.  So  that 
we  might  regard  the  multiplication  of  the  nuclei  as  the  real  repro- 
duction of  this  form,  the  division  of  the  protoplasmic  body  being 
of  lesser  importance  and  setting  in  later. 

Para7>wec.iifm  is  one  of  the  commonest  free-swimming  Ciliata. 
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It  is  of  an  elon^ted  oval  outline;  seen  sideways  it  has  a  thin 
scoop-like  anterior  end  and  a  thick  posterior  part,  so  that  it  is 
usually  described  as  slipper-shaped.  It  is  hoi otiichous  like  Opal'ma, 
but  like  ForffceHd  it  possesses  only  two  nuclei,  one  large  and  easily 
visible  and  one,  the  micronucleua,  small  and  difBcult  to  detect.     It 


Fto.  13.    Paramotcium  eavdatvm  x  about  260.    After  BUtBcbll. 

1.    Mouth  at  bottom  of  groove.        2.    Oesophagus.  3.     Food  vacuole  just 

being  formed,         4.    Contractile  vacuoles.         5.  Trichocysla  irhirli  have 

eiploded :  the  unezploded  oiiee  line  the  cuticle.  6.  Cilia.      7.  Kucleiie. 
8.    MicroDUcleus.         9.    Contractile  fibrils. 

has  a  well-developed  mouth  and  deep  pharynx  situated  on  one 
side  and  lined  with  specially  long  cilia.  Paramoecium  is  a  beau- 
tiful form  in  which  to  study  the  contractile  vacuole ;  there  are  two 
of  these  present,  one  in  the  anterior  and  another  in  the  posterior 
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portion  of  the  animal.  If  one  of  these  vacuoles  be  watched  it  can 
be  seen  to  contract  and  then  slowly  to  re-appear.  In  the  process 
of  reappeai-ance  five  or  six  isolated  drops  are  seen  which  elongate 
into  streaks  an-anged  like  the  lays  of  a  star.  These  streaks  coalesce 
with  one  another  and  soon  form  a  perfectly  spherical  drop. 

Paramoecium  possesses  peculiar  organs  named  trichocysts 
(5,  Fig.  13)  embedded  in  the  outer  layer  of  the  protoplasm.  These 
look  like  minute  rods.  When  the  Paramoecium.  is  irritated  —  as 
for  instance  if  it  is  deluged  with  dilute  iodine  —  or  aj)proaches 
prey  it  wishes  to  seize,  these  are  suddenly  shot  out,  assuming  the 
form  of  long  threads,  and  they  appear  to  exercise  a  stunning  action 
on  any  small  animal  with  which  they  come  in  contact. 

Passing   from   the  Ciliata,  we   next  come    to  a  small    group 

called  the  Suctoria,  which  are  allied  to  the  Ciliata, 

for  their  buds  commence  life  as  holotrichous  forms. 
When  they  grow  up  they  frequently  become  stalked  like  Vorticdla, 
lose  their  cilia,  and  acquire  instead  a  number  oi  stiff  rod-like  out- 
growths ending  in  knobs ;  these  structures  are  termed  tentacles. 
These  are  able  in  some  way  we  do  not  understand  to  seize  small 
animals  and  suck  out  their  contents.  Some  secretion  must  be 
produced  which  eats  its  way  through  the  cuticle  and  dissolves  the 
contents  of  the  prey. 

The  next  group  of  the  Protozoa  we  shall  consider  is  a  very  large 

and_  important  one.     It  is  called  the  Flagellata. 

The  members  of  it  agree  with  the  Ciliata  in  having  a 
fixed  shape  and  a  firm  cuticle  and  probably  (though  this  is  difficult 
to  make  out  in  the  smaller  ones)  a  specialised  cortical  layer  of 
protoplasm ;  they  differ,  however,  in  not  having  cilia,  but  in  pos- 
sessing instead,  one  or  two  —  rarely  more  —  whip-like  organs  called 
flagella,  which  lash  about  in  the  water,  and  drag  the  animal  after 
them  by  a  spiral  screw-like  motion,  just  as  a  steamship  is  dragged 
after  the  screw  when  the  engines  are  reversed.  We  may  take  as  a 
type  Euglena  mridia,  one  of  the  numerous  inhabitants  of  ditches. 
This  animal  has  a  narrow  elongated  shape,  pointed  at  one  end,  and 
at  the  other  —  which  is  its  front  end  —  it  possesses  the  vestige  of 
a  pharynx,  which  is  exceedingly  naiTOW.  It  has  a  fl^ellum  which 
arises  from  the  pharyngeal  wall  near  its  inner  end.  Slightly  behind 
the  pharynx  there  is  a  small  contractile  vacuole,  and  at  the  one  side 
of  this  a  small  -red  spot,  which  may  very  possibly  be  associat«d  with 
a  sensitiveness  to  light.  About  the  middle  of  the  body  is  a  nucleus 
which  can  sometimes  be  made  out,  as  a  clear  spot,  in  the  living 
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aDimal,  but  which  is  most  satisfactorily  observed  -n-heii  the  animal 
is  killed  with  osmio  acid  and  stained  with  picrocarmine. 


Fio.  14.     Euglena  viridis. 
A  X  100,  B,  C,  D,  E,  F  X  200  showinj;  the  different  shapes  assnmed  by  the 
animal  during  the  euglenoid  movements.        1.  Pharynx.       2.  Contractile 
vacuole.         3.  Figment  Bpot.         4,  Nucleus. 

Two  features  in  Euglena,  however,  will  strike  us  as  very  peculiar. 
One  is,  that  in  spite  ot  possessing  a  cuticle  and  a  cortical  layer  of 
protoplasm,  it  is  ahle  to  change  its  shape.  It  does  not  possess  the 
power  of  throwing  out  pseudopodia,  but  it  bends  its  body  in  the 
most  extraordinary  way,  and  contracts  it  till  it  is  almost  spherical. 
The  peculiar  wriggling  movements  which  it  thus  executes  are  so 
unlike  anj-thing  else  that  they  have  been  called  euglenoid.  The 
reason  of  their  possibility  is  no  doubt  that  the  cuticle  is  flexible  and 
the  cortical  layer  powerftilly  contractile.  The  other  peeuliai-ity  is 
still  more  striking,  and  it  is  that  the  protoplasm  is  coloured  bright 
green,  and  that  it  contains  particles  of  a  substance  very  like  starch. 
Now  these  things  indicate  that  Euglena  feeds  itself  like  a  plant,  and 
that  it  constructs  its  protoplasm  out  of  carbon  dioxide  and  mineral 
salts  dissolved  in  water  in  the  presence  of  sunlight.  The  only  points 
therefore  that  can  be  suggested  in  which  it  diifers  from  plants  are 
that  it  has  a  fiagellum  and  moves,  and  that  it  does  not  possess  a 
covering  of  cellulose.  These  sui>posed  differences,  however,  will  not 
stand  examination;  the  germs  of  many  undoubted  plants,  such  as, 
for  instance,  the  sea-weeds,  have  no  cell  wall  and  propel  themselves 
by  means  of  dagella.  What  justification  then,  it  may  be  asked, 
have  we  for  reckoning  Euglena  an  animal  ?  What  do  we  mean  by 
BO  classing  it  ?  It  must  be  indeed  admitted  that  when  we  come 
to  deal  with  the  simple  Flagellata,  the  animal  and  plant  kingdoms 
merge  into  one  another,  and  the  only  valid  line  of  division  we  can 
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draw  is  between  forms  which  feed  on  aolid  food,  and  those  which 
absorb  dissolved  nutriment ;  and  amongst  the  latter  we  call  those 
forms  animals  which  we  believe  to  have  been  derived  from  ances- 
tors which  fed  on  solid  food.  Now  thephaiyux  in  Eugleiia  takes 
in  solid  pai-ticles  from  time  to  time  and  these  passing  into  the 
protoplasm  are  apparently  digested.  Thus  at  times  the  nutrition 
of  Euglena  is  carried  on  as  in  a  plant  and  at  times  as  in  an  animal, 
but  taking  into  account  its  nearest  allies  it  seems  advisable  to 
classify  it  with  the  animals  rather  than  with  the  plants. 

The  rejii-oduction  of  Emjlena  and  of  the  Flagellata  in  general  is 
quite  similar  to  that  of  the  Ciliata;  they  increase  by  longitudinal 
division,  but  they  also  divide  when  in  an  encysted  condition  into 
two  or  four,  or  a  larger  number  of  germs;  these  germs  are  not 
killed  by  drought.  When  dry  they  are  blown  about,  and  bo  appear 
in  infusions.  In  infusions  Bacteria  appear  first,  then  Flagellata, 
and  finally  Ciliata. 

Many  Flagellata  are  devoid  of  a  pharynx  altogether,  but  these 
rarely  have  chlorophyll  and  subsist  on  the  nutritive  substances 
which  are  dissolved  in  the  fluid  in  which  putrefying  matter  is 
soaking.  These  are  reckoned  as  animals  on  no  very  good  grounds; 
for  it  is  well  known  that  plants  can  lose  their  green  matter  when 
they  can  get  the  materials  of  protoplasm  without  building  it  up 
from  carbon  dioxide.  How  entirely  arbitrary  the  decision  is,  is 
best  shown  by  the  fact  that  many  foima  are  claimed  by  both  bota- 
nists and  zoologists.  For  this  reason  it  is  convenient  to  have  a 
name  which  denotes  simply  a  living  thing  without  prejudging  the 
question  as  to  whether  it  is  an  animal  or  a  plant.  Such  a  name  is 
supplied  by  the  word  organism,  which  is  frequently  used. 

The  last  group  of  Protozoa,  the  Sporozoa,  agree  with  the 
Ciliata  in  possessing  a  firm  cuticle  and  a  highly  de- 
veloped contractile  cortical  layer,  but  differ  in  never 
having  any  organs  such  as  cilia  or  flagella ;  their  movements, 
which  are  very  sluggish,  are  cai'ried  out  entirely  by  contmctions 
of  the  cortex,  which  give  rise  to  worm-like  wriggliiigs.  All  the 
Sporozoa  are  parasitic;  tliat  is  to  say  all  live  at  the  expense  of 
some  other  animal  which  is  termed  the  host.  All  as  a  matter  of 
fact  pass  the  first  jieriod  of  their  existence  embedded  in  the  proto- 
plasm of  some  animal.  Some — the  Cocc idea — remain  throughout 
life  in  this  position,  but  others  when  fully  grown  become  at  any  rate 
partly  free,  adhering  to  their  hosts  only  by  one  end.  Only  fluid 
nourishment  is  absorbed  and  consequently  there  is  neither  mouth  nor 
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anus.  There  is  never  more  than  one  nucleus,  although  the  body  may 
be  divided  by  partitiona  running  across  the  protoplasm  into  two  or 
even  three  portions,  placed  one  behind  the  other.  Reproduction 
takes  place  after  encystment,  and  this  encystnient  is  in  most  cases 
preceded  by  conjugation,  so  that  two  individuals  are  enclosed  by  a 
common  cyst.  The  contents  of  the  cyst  break  up  into  small  germs 
called  spores,  which  surround  themselves  with  flinty  cases  and 
hence  are  called  chl amy  dos pores  (;^Aa/tvs  =  acloak}.  The  proto- 
plasm inside  these  spores  is  sometimes  liberated  as  a  small  amoeba- 
like  creature  which  usually  divides  into  two  worm-like  forms,  which 


Fio.  16.     Cltptidrina  Innga,  trom  iBrva ot  Tiputn,  the  Dftddj-longlegB. 
Higlily  niagnitled.     From  L^f>^r. 
A,  B,  C,  D,  E.     Stagea  of  the  development  of  C.  longa.  at  firat  within  and  then 
pushing  ita  way  oat  of  one  o(  the  cells  uf  tiie  intestine  of  the  Tipuln  larva. 
F.    Mature  form.        G.    Two  forniB  conjugating.        J.    Ci-ll  of  iiiteBtinu 
of  hoat.       2.   Its  nucleus. 

wander  into  suitable  positions  and  become  metamorphosed  into 
the  adult  form.     In  very  many  cases,  however,  from  two  to  eight 
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worm-like  forms  are  formed  by  the  division  of  the  contents  of  the 
spore  before  the  case  breaks.  The  name  falciform  embryo 
has  been  given  to  these  germs. 

The  best  known  Sporozoa  are  Monocystia,  found  in  the  vesicula 
seuiinalisof  the  earthworm,  with  a  long  worm-like  undivided  body, 
Clepaidrina  blattantm  found  in  the  intestine  of  the  Cockroach,  and 
C.  longa  in  the  intestine  of  the  larval  grub  of  the  Daddy-long-legs, 
which  lives  in  damp  soil.  This  last  form  is  quite  free  when  adult 
and  is  distinctly  divided  into  two  portions. 

The  Haemamoeba  and  Haemomenas  which  cause  Malaria  in 
man  and  allied  forms  which  infest  other  vertebrates  are  classed 
with  the  Sporozoa. 

The  Coccidea  is  the  name  of  one  of  the  sub-divisions  which 
remain  entirely  enclosed  in  the  protoplasm  of  the  infected  animals 
throughout  life,  and  in  some  cases  cause  disease. 

The  larger  Sporozoa  are  often  easily  detected  by  the  intense 
opaque  white  colour  of  the  protoplasm,  due  to  the  inclusion  of  an 
immense  number  of  granules.  This  is  in  marked  contrast  with  the 
translucent  protoplasm  in  which  they  are  embedded. 


Phylum  PROTOZOA 
The  Protozoa  are  classified  as  follows :  — 

Class  Gymxomtxa 
Xaked  forms  without  distinct  cortical  layer  and  capable  of 

emitting  pseudopodia. 

Order  1.     Lobosa. 

Simple  forms  with  blunt  pseudopodia  which  do  not  form 
networks ;  with  or  without  a  shell. 
Ex.     Amoetxi.,  Difflugia,  ArceUa. 

Order  2.    Beticularia. 

Protozoa  with  thread-like  pseudopodia  which  form  net- 
works ;  a  shell  is  formed  and  protoplasm  covers  the  outside  as 
well  as  the  inside. 

Suborder  (a)  Forftminifera.  The  shell  consists  of  one  or 
a  series  of  chambers  composed  of  lime  or  flint. 

Ex.     Gromia,  Polyatomella,  Olobitjeniia. 
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Suborder  (b)  Badiolarla.  Tlie  shell  is  a  single  sac  of  mem- 
brane. In  almost  every  case  there  is  an  additional  skeleton 
of  flinty  needles,  often  joined  so  as  to  form  complicated  basket- 
works. 

Ex,     ThcUassicola,  Heliosphaera. 

Order  3.     Mycetozoa. 

Protozoa  with  branching  pseudopodia  forming  coarse  net- 
works and  devoid  of  skeleton.  Reproduction  by  means  of 
spores  coated  with  cellulose.  The  contents  of  many  spores 
coalesce  to  form  one  individual. 

Ex.     Chondriodm-ma. 

Order  4.     Heliozoa. 

Protozoa  with  stiff  radiating  pseudopodia.     Skeleton  when 
present  only  in  the  form  of  isolated  needles. 
Ex.     Actitionpltatrium,  Actinophrya. 

Class   CORTICATA 

Protozoa  with  a  distinct  cuticle  and  almost  always  a  distinct 
cortical  layer. 

Order  1.     Ciliata. 

Forms  with  cilia. 

Ex.      Vorticella,  Paramoecium,  Opalina. 

Order  2.    Suctoria. 

Forms  provided  with  sucking  tentacles. 
Ex.     Acineta. 

Order  3.    Flafellata. 

Forms  provided  with  flagella. 
Ex.    Eiiglena. 

Order  4.     Sporozoa. 

Parasitic  forms,  reproducing  by  spores.  The  younger  stages 
at  least  are  cell-parasites. 

Ex.    MoHOcyati$,  Clepstdrina,  Haemamoeba. 
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CHAPTER  III 
Phylum  Coelenterata 

It  is  difScult  to  say  what  idea  the  originator  of  the  name 
Coelenterata  meant  to  convey.  Most  animals  have  huUow 
insides  (Gr.  KoiXot,  hollow ;  fyrtpov,  inside) ;  the  Coelenterata  how- 
ever are  distinguished  from  all  the  more  highly  organized  groups 
in  the  animal  kingdom  by  containing  inside  only  one  set  of  spaces, 
which  all  communicate  with  each  other  and  with  the  exterior 
through  the  mouth. 

The  Coelenterate  of  simplest  Btnicture  is  undoubtedly  the  com- 
mon freah-water  Polyp  (Hydra),  (Fig.  16).  If  a  mass 
of  weed  and  other  debris  fiom  a  ditch  or  even  the 
edge  of  a  river  be  placed  in  a  glass  vessel  along  with  some  of  the 
water  in  which  it  was  grown  and  allowed  to  settle,  a  number  of 
these  small  animals  frequently  termed  polyps  will  usually  be 
found  collected  on  the  side  of  the  vessel  nearest  the  light.  Several 
distinct  species  ai-e  collected  under  the  name  Hydra.  There  are 
three  species  recognised  in  Great  Britain ;  Hydra  fnsca,  about  a 
third  of  an  inch  long  when  expanded  and  of  whitish  yellow  colour, 
Hydra  viri'lia,  a  quarter  of  an  inch  long,  of  a  green  colour,  and 
Hydra  vu^aris,  which  is  almost  colourless.  Similar  species  to  the 
first  two,  if  indeed  they  are  not  identical,  are  common  in  Lower 
Canada.     Hydra  fusca  may  be  selected  as  a  type. 

The  shape  of  this  animal  is  that  of  a  minute  cylinder.  The  base 
or  foot  is  attached  to  the  surface  of  the  glass  by  an  adhesive  disc, 
whilst  the  other  extremity  carries  a  circle  of  delicate  thread-like 
appendages  called  tentacles.  In  the  centre  of  these,  near  their 
point  of  origin,  we  can  with  a  lens  detect  a  minute  conical  eleva- 
tion, the  oral  cone  (2,  Fig.  16),  at  the  end  of  which  is  the  mouth. 
The  mouth  is  the  only  opening  to  the  body.  It  opens  into  a  space 
-which  occupies  the  whole  extent  of  the  animal,  so  that  we  might 
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with  justice  say  that  the  polyp  is  really  simply  a  tube  closed  at 
one  end  and  open  at  the  other :  further,  the  tentacles  can  be  seen 
with  the  microscope  to  be  nothing  but  thin  hollow  tubes,  opening 
into  the  central  one  (Fig.  17).  The  central  space  is  often  termed  a 
Btomach,  and  in  the  case  of  Hydra  the  idea  suggested  by  this 


Fio.   16.     HgdrafuKa  X  about  12. 
Expanded  condition.    Tliie  specimen  Is  budding  ofl  a  young  Hydt 
containa  a  large  food  masa  in  ita  coelenteroii,  probably  a  Daphnia  or  bodi« 
other  fresh-water  Crustacean.       B.    Reiracted  condition.       1.    Mouth. 
2.    Oral  coue.      3.    Tentacles.      4.   Bud.      5.    Endoderin.     8,    Foot. 


It 


term  is  correct.  In  other  Coelenterata  the  space  perfoi-ms  other 
functions  besides  those  of  the  human  stomach,  and  the  term 
coelenteron,  which  does  not  imply  any  function,  is  prefei-able. 
With  the  microscope,  however,  we  can  make  out  a  number  of 
further  points.  It  the  edge  of  the  animal  be  carefully  focussed  it 
can  be  seen  that  the  body-wall  consists  of  two  layers,  an  outer 
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FiQ.  17.    A  longitudinal  section  through  the  body  oE  a  Hydra,  Bomewhat  dia- 
grammatic, Ibe  details  of  the  cells  are  omitted.     Magnitied. 
1.    Mouth.       2.    Foot.         3.    Teotacle.         4.    Coelenteron,  digestive  cavity. 

5.    Ectoderm,        6.    Eiidoderw,      7,    Mesogloea  or  structureless  lamella. 

8.    Batteries  of  thread  cells.      0.   Testis.       10.    Ovary  with  single  omm. 
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clear  one,  termed  the  ectodeno  (Gr.  ixTo^,  external;  Sipua,  skin), 
and  an  inner  one  called  the  endoderm  (Gr.  jv^uf,  inside),  TV'hich 
is  green  in  Hydra  viridis  and  brownish  in  Hydra  ftisca ;  so 
that  we  may  speak  of  a  skin  as  distinct  from  the  lining  of  the 
coelenteron  (Figa.  17  and  18).  It  is  further  possible  to  make  out, 
under  the  microscope,  that  at  any  rate  the  outer  layer  is  not 
homogeneous,  but  is  composed  of  separate  small  pieces.  It  is 
necessary,  however,  to  examine  thin  sections  of  specimens  which 
have  been  hardened  by  being  soaked  in  corrosive  sublimate  or 
some  similar  reagent,  before  one  can  really  get  a  good  idea  of  the 
Structure  of  the  "  skin  "  and  of  the  "inner  lining"  of  the  polyp. 
Then  it  is  seen  that  both  are  made  up  of  the  repetition  of  similar 
parts,  and  that  in  each  of  these  parts  there  ia  a  single  nucleus. 
Such  a  portion  of  protoplasm,  marked  off  from  the  surrounding 
parts  by  a  definite  boundary,  is  called  by  Zoologists  a  cell.  The 
wall  or  boundary  of  the  cell  probably  consists  of  a  thin  layer  of 
some  secretion,  in  many  cases,  if  not  in  most,  traversed  by  bars 
or  sheets  of  protoplasm  connecting  the  cell  with  its  neighbours. 
Around  this  term  "  cell "  many  battles  have  been  waged,  and  its 
indiscriminate  use  has  led  to  much  misconception.  It 
used  to  be  said,  for  instance,  that  the  Coelenterata 
were  multicellular  animals,  as  opposed  to  the  Protozoa,  which 
were  unicellular.  Kow  it  has  already  been  pointed  out  that 
the  centre  of  the  vital  processes  is  the  nucleus,  which  controls  the 
processes  going  on  in  the  protoplasm,  and  that  in  some  of  the 
Protozoa,  such  as  Actinosphaerium  and  0]xtlhia,  this  essential  organ 
is  repeated  several  hundred  times.  But  an  Actino^haeriutn  or  an 
OptUina  certainly  does  not  correspond  to  a  so-called  cell  of  Hydra, 
with  its  single  nucleus ;  the  relation  between  them  may  rather  be 
defined  by  saying  that,  whereas  in  Actinosphaerixnn  the  areas  of 
control  of  the  various  nuclei  are  not  visibly  delimited  from  each 
other,  in  Hydra,  on  the  other  hand,  this  delimitation  has  to  some 
extent  taken  place,  leading  to  the  appearance  of  cell-structure. 
But  not  only  are  cells  to  be  detected  in  Hydra  ;  the  cells  are  not 
all  of  the  same  kind.  Those  forming  the  endoderm  are  very 
tall  and  often  have  great  watery  vacuoles  near  their  inner  ends; 
they  also  contain  the  coloured  granules  to  which  the  colour  of  the 
animal  is  due.  The  cells  of  the  ectoderm,  or  outer  skin,  on  the 
contrary,  are  much  shorter  than  those  of  the  endoderm  and  are 
more  or  less  pear-shaped,  the  broader  end  being  turned  out.  Be- 
tween their  narrower  bases  we  find  groups  of  very  small  round  cells 
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(2,  Fig.  18).  These  so-called  interstitial  cells  are  youDg  cells, 
which  partly,  no  doubt,  become  developed  into  ordinary  ectoderm 
cells  as  the  older  cells  die  and  drop  off,  and  in  certain  seasons  of 
the  year  they  increase  very  much  in  number  at  certain  spots  and 
form  the  reproductive  organs  (9  and  10,  Fig.  17).  The  two  kinds 
of  o^ans,  male  and  female,  are  borne  by  the  same  individual ;  in 
the  male  organ  or  testis  all  the  cells  remain  small  and  become 
converted  into  the  small  spermatozoa;  in  the  female  organ  or 
ovary  one  cell  increases  very  much  in  size  at  the  expense  of  the 
rest  and  becomes  the  egg-cell  or  ovum  (10,  Fig.  17).     There  is, 


Fio.  18,    TrajiBverse  section  of  Hydra  fnsea. 
1.  EcCodern  cells  (myo-epithelinl).      2.  liitersUtial  cells.      3,  Nematocyats. 
4.   Coelenterou.  6.   Endodenu  cells.  6.   Vacuoles.  7.  Food 

granules.        6.  Nuclei. 

however,  a  third  change  which  these  interstitial  cells  may  undergo, 
which  ia  of  the  utmost  importance  to  the  animal.  Some  of  them 
move  outwards  and  become  wedged  between  and  even  embedded  in 
the  large  ectoderm  cells  near  the  surface,  each  developing  in  its 
interior  an  oval  bag  filled  with  fluid.  One  end  of  this  bag  is 
turned  into  the  interior  of  it,  forming  a  long  hollow  thread.  The 
whole  bag  is  called  a  thread-capsule  or  nematocyst  (Gr.  v^^to, 
a  thread;  kuotis,  a  bladder)  (Fig.  19).  If  now  the  cell  in  which 
the  thread-capsule  is  situated  contracts,  since  the  fluid  in  the 
capsule  is  incompressible,  the  hollow  thread  must  be  quickly  turned 
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inside-out  and  thus  thrust  out  of  the  capsule.  If  the  in-itation 
of  skin  continues,  the  whole  capsule  will  be  pressed  out  by  the 
animal.  These  thread-capsules  are  most  abundantly  developed  in 
the  tentacles,  and  a  small  amount  of  observation  of  the  habits 
of  Hydra  will  show  bow  they  are  used.  If  a  small  Crustacean, 
or  other  animal,  approaches  too  near  a  Hyd^-a,  the  latter  makes 


Fic.  in.     Cnldoblast  with  large  Nemfitocyst  from  tlie  body-wall  of  Hydra 

futca.     Highly  magnified.     From  Schneider. 
A.   Uneiploded.         B.    Exploded.         1.   Cuidoblaat,         2.   Nucleus  of  cnido- 

blaat.       3.  Cnldocil.       4.  Muscular  sbeaih.        6.  Wall  of  nematocyst. 

e.  Thread.         '    "-'■—-' 


one  swift  lash  with  its  tentacles  and  the  luckless  water-flea  is  seized 
and  at  the  same  time  paralysed.  If  we  now  remove  and  examine 
the  prey,  we  shall  And  it  covered  with  exploded  tb  read-capsules, 
the  threads  of  which  have  entered  its  body,  and  exerted  a  poisonous 
action  on  it.  It  is  perfectly  easy  to  induce  a  Hydra  which  is  being 
observed  under  the  microscope  to  eject  its  th  read-caps  111  es :   we 
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have  only  to  irrigate  it  with  a  little  ten  per  cent,  solution  of  com- 
mon salt,  and  from  ail  parts  of  the  skin  we  shall  see  first  the 
threads  shot  out,  and  then  the  capsules  follow. 

In  the  o^ase  of  a  fluid  like  salt  solution,  the  stimulating  action 
is  no  doubt  exerted  over  the  whole  surfa<!e  of  the  animal,  but  an 
examination  of  the  tentacle,  when  it  is  extended,  reveals  an  arrange- 
ment for  bringing  about  the  explosion  of  the  thread-capsule.  The 
surface  of  the  tentacle  is  seen  to  be  covered  with  little  swellings, 
in  which  are  collections  —  one  might  say,  batteries  —  of  thread- 
capsules  (8,  Fig.  17);  and  from  the  surface  of  the  ectoderm,  in 
which  they  are  embedded,  delicate  hair-like  rods  project  out  into 
the  water  (3,  Fig.  19).  If  one  of  these  be  touched,  it  transmits  a 
stimulus  to  the  cell  containing  the  thread-capsule, the  cnidoblast 
(Gr.  icn'Sij,  a  nettle ;  ^Aootos,  a  sprout),  as  it  is  termed ;  in  response 
to  this  stimulus  the  cell  contracts,  presses  on  and  explodes  the 
capsule.  These  rods  are  called  cnidocils  (Gr.  ki-iSi;,  a  nettle;  Lat. 
ciliitm,  an  eyelash)  and  are  the  simplest  form  of  sense  hairs  met 
with  in  the  animal  kingdom. 

In  the  first  chapter  it  was  pointed  out  that  protoplasm,  when  it 
effects  movements,  always  does  so  by  contracting.  We  saw,  for 
instance,  that  the  extrusion  of  the  pseudoixidia  of  Atnoeba  could  be 
accounted  for  by  supposing  that  part  of  the  outside  protoplasm 
contracted  and,  so  to  speak,  squeezed  out  part  of  the  more  fluid 
interior.  In  the  life  of  Hydra  the  principal  movements  which 
occur  are  the  shortening  and  lengthening  of  the  boily  and  the 
tentacles  (B,  Fig.  16).  Kow  it  lias  been  found  that  of  these 
movements,  the  shortening  is  effected  by  the  contraction  of  the 
ectoderm  in  a  longitudinal  direction,  and  the  lengthening  by  the 
contraction  of  the  endoderm  in  a  transverse  direction,  in  con- 
sequence of  which  the  animal  is  rendered  thinner  and  longer.  It 
has  been  further  ascertained,  by  the  examination  of  very  carefully 
prepared  transverse  longitudinal  sections,  that  each  ectoderm  cell 
possesses  at  its  base  a  tail  running  vertically,  embedded  in  the  thin 
layer  of  jelly  sometimes  called  the  structureless  lamella  or 
mesogloea(Gr.;i(iTM,' intermediate;'  yXoii,  glue),  which  separates 
ectoderm  and  endoderm  (Fig.  20).  The  endoderm  cells  similarly 
possess  short  tails,  embedded  in  the  jelly,  but  these  run  transversely. 
These  tails  then  are  instances  of  the  tendency  of  protoplasm,  which 
contracts  regularly  in  one  direction,  to  be  drawn  out  into  fibres  in 
that  direction,  or,  in  other  words,  we  have  before  us  the  first  step 
in  the  conversion  of  an  ordinary  cell  into  a  muscle  cell,     ('ells 
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showing  this  modification  are  termed  myo-epittielial  (Gr.  fttiiiii', 
muscle)  :  the  word  epithelial  is  used  to  signify  the  arrangement  of 
cells  in  a  layer  to  form  a  pavement  or  mosaic. 

The  most  important  function  of  the  endoderm  cells  is  to  digest 
the  prey  which  is  captured  by  the  tentacles  and  thrust  into  the  coe- 
leuteron.  For  this  purpose  they  secrete  a  fluid  which  has  a  great 
power  of  dissolving  protoplasm.  This  fluid,  termed  digestive 
juice,  is  poured  forth  into  the  coelenteron  and  a  large  portion  of 
the  prey  is  dissolved  by  it  and  passes  by  diffusion  into  the  endo- 
derm cells,  from  which  part  is  transferred  in  a  similar  manner  to 


Fro.  20.  8«ctEon  through  the  body-wall  ot  Hydra  fu$ea.  Higblj  magnified. 
After  Schneider. 

1.  Ectoderm.  2.  Endodenii.  3.  Mesogloea  or  atruclureless  lamella. 
4.  Nematocyst.  6.  Cnidocil.  6.  Muscle-flbreB  of  ectoderm  cells 
cut  across.  7.   Nucleus   of    ectoderm   cell.  8.    Inl^nititial   cells. 

D.  Cuticle.  10.  Pigmeot  granule.  11.  Food  graimle.  12.  Nucleus 
of  endoderm  cell,         \i.   Flagellum.         14.    Water  vacuole. 

the  ectoderm.  Certain  portions  of  the  prey,  consisting  of  some  of 
the  proteids,  resist  the  action  of  this  juice.  These  are  seized  by 
pseudopodia  emitted  by  the  endoderm  cells  and  bodily  engulfed, 
and  subsequently  slowly  digested  in  food  vacuoles.  Any  insoluble 
parts  of  the  prey,  such  as  cuticle,  skeleton,  etc.,  are  ejected  by  the 
mouth.  Some  of  the  endoderm  cells  also  bear  flagella,  whose  move- 
ment doubtless  aids  the  circulation  of  the  fluid  in  the  coelenteron. 
We  have  already  seen  that  Hydra  at  certain  seasons  of  the 
year,  viz.   the  late   autumn,  produces  egg-cells   (ova)   and   male 
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gerniB  (spermatozoa).  The  latter  are  shed  out  into  the  water,  ancl 
eventually  some  of  them  reaeh  the  egg-cells  and  unite  with  them. 
This  process  is  called  fertilization,  and  the  fertilized  egg-cella 
cover  themselves  with  spiny  coats  and  drop  off  into  the  mud. 
Here  they  remain  through  the  winter ;  in  the  spring  the  hard  coat 
cracks  and  out  issues  a  minute  Hydra. 

But  Hydra  is  by  no  means  limited 
to  this  method  of  sexual  reproduction 
in  its  power  of  multiplying  itself.  All 
through  the  spring  and  summer,  if  it 
be  well  fed,  it  buds  or  reproduces  itself 
by  Gemmation.  A  small  swelling 
makes  its  appearance  on  the  side  of 
the  body;  this  is  really  a  hollow  pouch 
containing  a  cavity  in  communication 
with  the  eoelenteron  (4,  Fig.  16).  The 
walls  of  the  pouch  are  merely  coutiuua- 
tions  of  the  body-wall  of  the  Hydra, 
and  hence  consist  of  the  same  two 
layers.  The  pouch  rapidly  lengthens, 
and  after  a  while  a  circle  of  tentacles 
sprouts  out  from  its  free  end,  and  a 
mouth  is  formed  iu  the  centre.  We 
thus  have  a  daughter  Hydra  still  in 
close  connection  with  the  parent,  the 
coelentera  of  the  two  being  in  open 
communication ;  later,  however,  this 
communication  becomes  closed  and  the 
offspring  separates  from  the  parent 
and  leads  a  "free  existence.  A  third 
method  of  reproduction,  which  proba- 
bly rarely  occurs  except  artificially,  is 
Fission.  If  a  Hydra  be  divided  into 
two  halves,  each  half  will  grow  up  into 
a  new  individual. 
A  large  number  of  the  Ooelenterata,  called  the  Hy  dromedusae, 
agree  with  Hydra  in  all  essential  points  of  structure  ; 
n^cduHc.  ^^^   most  important  point  of  difference   is  that  in 

them  the  buds  do  not  become  separated,  but  remain 
permanently  in  connection  with  the  parent,  and  thus  compli- 
cated colonies  are  built  up  (Fig.  21).     Other  differences  of  less 


Fio.  21.  Obelia  helgotandica 
X  I.  From  Hartlaub.  This 
is  the  bydroid  geueration, 
□atural  size  as  it  appears 
to  the  naked  eye. 
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importance  are  ttat  there  is  a  horny  shell,  the  perisaro  CGr.  -mpl, 
around ;  cap!,  flesh)  (6,  Fig.  22),  shed  by  the  ectoderm  on  at  any 
late  the  lowei  portion  of  the  body,  also  that  the  tentacles  are  nearly 


J.   Ectoderm.  2.   Endodenn.  3.    Monlli.  4.   CoelenWron, 

6.  Coenoaarc.         fl.   Perisarc.  7.    Hydrotieca,  prolonged  at  base  of 

Hydroid  aa  a  shelf.  8.  Blasl^^atyle,  a  mouthless  hydroid  bearing  meduaa- 
buds.  9.  Medusa-bud.  10.  Gonotheca,  part  of  perisarc  which  protects 
tbe  medusa-buds. 

always  solid,  containing,  instead  of  tubular  outgrowths  of  the  endo- 
deim,  a  solid  cord  of  cells  (Fig.  22)  with  Arm  outer  membranes  and 
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^tfiiid  conteuts,  so  that  the  cells  have  the  same  kind  of 
a  a  well-filled  water-pillow.  These  cords  likewise  bud  out 
from  the  endoderin,  but,  as  appaveutl;  tlie  animal  does  not  need  the 
tentacle  cavity  which  exists  in  the  Hydra,  it  has  disappeared,  and 
tlie  solid  axis  is  essentially  a  strengthening  or  skeletal  structure. 
As  ill  Hydra,  there  is  an  oral  tone;  and  in  some  species  of 
Hydromedusae,  at  any  rate,  there  is  an  additional  row  of  short 
tentacles  at  the  tip  of  this.  It  has  been  stated  above  that  the 
budu  do  not  become  detached,  but  there  is  one  kind  of  bud  differing 
much  in  shape  from  the  rest  which  does  become  detached.  In 
such  a  bud,  the  whole  body  becomes  veiy  much  shorter 
and  at  the  same  time  much  flattened  out  in  its  lower 
portion,  so  that  the  main  circle  of  tentacles  is  widely  separated 
from  the  oral  cone ;  at  the  apex  of  the  latter  there  is  sometimes  a 
second  circle  of  small  tentacles.  The  flattened  part  of  the  body 
becomes  concave  on  the  side  towards  the  mouth  so  as  to  assume  the 
form  of  a  bell  or  umbrella,  and,  owing  apparently  to  this  circum- 
stance, the  part  of  the  coelenteron  which  it  contains  Ijecomes  so 
pressed  together,  that  by  the  adhesion  of  its  upper  and  lower  walls, 
its  cavity  for  the  most  part  disappearing,  it  becomes  converted  into  a 
concave  layer,  called  the  endodermal  lamella.  Along  four  lines, 
however,  the  cavity  does  not  disappear  (4,  Fig.  23),  and  it  also 
remains  open  just  beneath  the  circle 
of  larger  tentacles  at  the  etlge  of 
the  bell,  so  that  in  this  way  we  have 
a  circular  or  marginal  canal 
established,  communicating  by  four 
radial  canals  with  the  part  of  the 
coelenteron  that  still  persists  in  the 
oral  cone,  and  opening  to  the  exte- 
rior by  the  mouth  (1,  Fig.  23).  The 
upper  surface  of  the  bell  is  styled 
the  exumbrella  or  aboral  surface 
(Lat.  ab,  away  from ;  os,  oris,  the 
mouth)  the  lower  the  subumbrella 
or  oral  surface. 

The  great  mass  of  the  bell  is 
composed  of  the  jelly  intervening 
between  the  outer  ectoderm  on  the 
convex  side  and  the  endoderm.  In  this  jelly  solid  strings  sometimes 
appear  which  give  it  a  firmer  consistence.    The  modification  of  the 


1.  Moutb  at  end  oF  manubrium. 

2.  Tentacles. 

3.  Keproductive  organs. 

4.  Railial  canals. 
i>.  Auditory  organ. 
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Fic.  24.     Songainvilli'ft  fractuosa,  Allman,  x  (tbout  12.     From  Allman. 
L  Th«  fixed  hydroid  form  with  u 
various  ata^es  uf  duvelopiueiit. 
nbich  b»3  broken  away  from  A. 
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base  of  the  animal  into  the  shape  of  an  umbrella  causes  the  oral 
cone  to  resemble  the  handle,  hence  the  name  manubrium  (Lat. 
a  handle),  by  which  it  is  usually  designated  in  a  bud  of  this  kind 
(1,  Fig.  23).  Just  above  the  circular  canal  in  most  Medusae  a  fold  of 
the  outer  skin  grows  in  towards  the  oral  cone,  so  as  to  form  a  broad 
circular  shelf :  this  structure  is  called  the  velum  (Lat.  an  awning) 
(B,  Fig.  24 ;  1,  Fig.  2o),  The  bud  now  breaks  loose  and  swims  by 
contractions  of  the  bell,  aided  by  vibrations  of  the  velum.  Anyone 
would  now  recognise  it  as  a  minute  jelly-fish,  though  it  really  is 
quite  different  in  many  points  from  the  larger  and  better  known 
animals  denoted  by  that  term.  Zoologists  speak  of  it  as  a  Medusa, 
and  speak  of  the  stock  from  which  it  was  budded  as  a  colony 
consisting  of  medusoid  and  hydroid  persons,  the  latter  term 
denotingthe ordinary  buds  which  reseinblei/yriro.  The  terms  polyp 
and  hydrauth  are  also  often  used  to  denote  a  hydroid  person. 
A  remarkable  feature  of  this  differentiation  into  two  structurally 
different  persons  is  that  the  Medusa  is,  in  many  respects,  more 
highly  developed  than  the  hydroid  pei-son.  The  ectoflerm  cells 
composing  the  velum  and  those  forming  the  lining  of  the  luider  side 
of  the  bell  or  subumbrella  are  strongly  drawn  out  into  processes 
which  are  muscular.  In  the  velum  these  ai'e  arranged  so  as  to 
form  two  bands  running  round  the  edge  of  the  bell  or  umbrella, 
one  band  being  in  connection  with  the  upper  and  another  with  the 
lower  layer  of  cells  composing  the  fold  of  ectoderm, of  which  the  velum 
consists.  Just,  however,  where  the  velum  is  attached  to  the  bell, 
its  cells  —  upper  and  lower  — undergo  another  and  more  interesting 
modification  (4  and  5,  Fig.  25).  At  their  bases  a  tangle  of  delicate 
threads  of  ^most  inconceivable  fineness  appear ;  these  threads  are 
outgrowths  of  the  cells,  but  far  more  delicate  than  those  which 
already  in  Hydra  we  recognised  as  the  forerunners  of  muscles ;  the 
threads  we  are  now  considering  are,  in  fact,  nervous  in  nature, 
and  the  tangles  of  them  connected  with  the  upper  and  lower  layers, 
respectively,  of  the  velum,  constitute  an  upper  and  a  lower  nerve 
ring.  Each  thread  is  to  be  regarded  aa  the  tail  of  an  excessively 
small  ectoderm  cell. 

In  Hydra  we  found  the  earliest  appearance  of  sense  hairs;  and 
the  cells  of  wliich  they  are  processes,  viz.  the  cnidoblasts,  may  be 
called  sense  cells.  In  the  Medusa  we  meet  with  definite  collections 
of  sense  cells  aggregated  so  as  to  form  sense  organs.  These  are 
found  close  to  the  position  of  the  nerve  ring,  either  on  the  velum 
itself,  or  immediately  outside  it  at  the  bases  of  the  tentacles,  so 
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that  tlie  stimuli  which  they  receive  are  easily  transmitted  to  the 
nerve  ring.  Two  main  kinds  of  sense  organs  are  frequently  found, 
which  maybe  roughly  called  eyes  and  ears;  never,  however,  both 
kinds  in  one  Medusa.  The' eyes' are  littlecoloured  patches  of  skin j 
some  of  the  cells  of  which  end  in  clear  rods  while  others  secrete  a 
coloured  substance  or  pigment.  Both  pigment  and  rods  are  neces- 
sary if  there  is  to  be  vision,  though  we  do  not  understand  why.  The 
ears  are  little  pits  in  the  base  of  the  velum;  they  may  be  open,  or 
their  edges  may  come  together,  so  that  the  ectoderm  lining  them  is 
entirely  shut  off  from  the  outer  skin.     In  either  case,  some  of  the 
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Fio.  26.    Radial  section  through  the  edge  of  the  umbrella  of  Carmarina 

ha$tata,  sboniDg  sense  organ  and  velum. 
1.  Velum.  2,  Jelly.  3.  Circular  muscles  of  velum.  4,  Upper  nerve 
ring.  6.  Lower  nerve  ring.  6.  Neniatocysts.  7.  Kadial  vessel 
running  into  circular  vessel,  both  lined  by  endoderm.  6.  Continuation 
of  endoderm  along  aboral  surface.  9.  Sense  organ,  tentaculocyst. 
10.  Auditory  nerve. 

cells  forming  the  walls  of  the  pits  secrete  particles  of  lime,  others 
close  to  them  develope  delicate  sense  hairs.  The  result  is  that 
vibrations  in  the  water,  if  they  come  with  a  cei-tain  frequency,  will 
affect  the  heavy  particles,  and  their  vibrations  in  turn  will  affect 
the  .spuse  hairs.  There  is  another  kind  of  information,  however, 
which  organs  like  these  give  their  possessor,  and  this  is  probably  still 
more  impoi-tant  to  the  floating  Medusa,  namely,  information  as  to 
the  position  of  the  animal  with  regard  to  the  vertical.  In  other 
words,  the  Medusa  learns  from  them  whether  it  is  moving  upwards 
or  downwards  or  sideways :  for  when  the  animal  shifts  its  position, 
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the  heavy  particles  in  the  ear-sacs  shift  theirs  and  affect  different 
sense  ceils. 

Through  these  different  sense  organs  stimuli  are  continually 
pouring  in  from  the  external  world.  If  the  stimuli  only  affected 
the  contractile  cells  nearest  them  irregular  movements  would  result. 
Tlie  function  of  the  nerve  ring,  as  of  all  nervous  systems,  is  to  co- 
ordinate the  stimuli,  that  is,  to  collect  and  rearrange  and  rapidly 
distribute  them  to  the  whole  animal  so  that  a  definite  reaction  of 
the  whole  contractile  tissue  results,  not  a  series  of  local  reactions 
interfering  with  one  another. 

The  Medusa  is  very  voracious  and  rapidly  increases  in  size.  It 
feeds  on  the  small  organisms  of  all  kinds,  both  plants  and  animals, 
whi^h  are  found  at  the  surface  of  the  sea.     After  some  time  it  com- 


FiG.  26.    The  cill&Ud  larva  nr  Planula  of  a  Hydroraedasan,  Ctava  equamata. 

Magnified,     From  Allmaii. 
A  and  B.    Swimming  about  in  the  sea.        C.   Coming  to  rest  on  a  rock. 

D.    l)evelopiti$;  teiilacleB,  oral  cone,  and  atulon.      1.    Tentacles.     2.    Oral 

cone.         3.    Slolou. 


s  to  give  rise  either  to  e^^  or  to  spermatozoa,  which  usually 

deveIoi}e  in  exactly  the  same  way  in  which  they  develoi^ed  in  Hydra, 
i.e.  from  the  interstitial  cells  of  the  ectoderm.  The  accumulations 
of  these  cells,  called  g;onads  or  generative  organs,  are  borne 
either  on  the  under  side  of  the  bell  (;i,  Fig.  23)  or  on  the  sides  of 
the  manubrium,  and  it  is  a  curious  fact  that  those  Medusae  which 
have  tliem  in  the  former  position  usually  possess  ear-saes,  whereas 
when  the  gonad  is  situated  on  the  oral  cone,  ear-saes  are  never 
present,  but  eyes  may  be.  The  eggs  and  spermatozoa  are  both  shed 
out  into  the  water  and  coalesce  there,  and  the  fertilized  egg  devel- 
opes  into  a  little  oval  latva,  termed  a  Planula  (Fig.  26),  without 
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tentacles  or  moutb,  and  covered  all  over  with  cilia.  It  consists  at 
firet  of  a  hollow  veaicle  of  ectoderm  cells,  later  becoming  filled  with 
a  solid  plug  of  endoderm.  This  little  creature  swims  about  for  a 
while  and  then  attaches  itself  by  one  end  to  a  stone  or  a  piece  of 
seaweed.  The  attached  end  flattens  out  {C  and  D,  Fig.  26),  but 
the  rest  of  the  aniuial  lengthens  and  a  mouth  and  tentacles  appear 
at  the  free  end,  and  the  endoderm  becomes  hollowed  out ;  "so  that 
the  creature  takes  the  form  of  an  unmistakable  hydra-like  organism. 
It  then  begins  to  bud  out  a  branch  called  a  s  t  o  1  on  which  creeps  along 
the  subtratum.  From  this  other  polyps  will  arise,  each  of  which 
has  only  to  biid  in  order  to  reproduce  the  colonial  stock  from  which 
its  parent,  the  Medusa,  was  separated.  The  free-swimming  young 
or  planulae  furnish  good  examples  of  what  is  meant  by  the  term 
larva.  This  name  is  given  to  the  young  form  of  any  animal  when 
it  is  very  different  to  the  fully-grown  animal  and  leads  a  free  life. 
We  have  thus  learnt  that  a  Medusa  gives  rise  to  ah  egg,  which 
developes  into  a  Hydroid  person,  which  after  a  time  in  turn  buds  off  a 
Medusa;  such  an  alternation  of  generations  is  very  character- 
istic of  a  large  number  of  Coelenterata.  The  Medusa  re- 
oaDeruioDi°'    prcscnts a  scxual  generation,  the  Hydroid an  asexual  ■ 

generation,  and  inasmuch  as  the  Medusoid  is  oft«n 
only  produced  as  a  bud  of  the  third  or  fourth  order  {i.e.  is  budded 
from  a  Hydroid  person  which  haa  produced  similarly  from  another 
Hydroid  person),  it  will  be  seen  that  several  asexual  generations 
intervene  between  two  sexual  ones.  The  most  probable  explanation 
of  this  is  that  the  Medusa  is  only  a  specially  modified  Hydroid,  which 
has  acquired  the  power  of  locomotion,  in  order  to  disperse  the  eggs 
over  a  large  area,  and  thus  avoid  the  overcrowding  of  a  limited  area 
with  one  species.  The  swimming  bell  and  velum  are  contrivances 
to  enable  the  bud  which  bears  the  eggs  to  move  about  If,  however, 
this  explanation  be  adopted,  it  is  a  most  remarkable  fact  that  in 
many  species  the  Medusae  are  very  imi>erfectly  developed  and 
never  become  free.  Such  Medusae  are  usually  more  or  less  de- 
generate and  are  termed  gono^Jiores.  Since  the  gonophore  fails 
to  fulfil  the  purpose  for  which  we  lielieve  the  Medusa  to  have  been 
developed  we  must  assume  that  conditions  have  now  so  far  changed 
that  the  same  wide  scattering  of  the  eggs  is  not  now  so  necessary  as 
formerly,  possibly  because  the  species  in  question  are  restricted  to 
particular  strips  of  the  shore,  Ttibidaria  larynx  found  growing  on 
seaweed  is  a  good  example  of  a  form  with  degenerate  Medusae, 
Bougainvillea  or  Obelia  of  forms  with  free  Medusae. 
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The  Sea-Anemonea  are  representatives  of  a  second  division 
of  the  Coelenterata,  which  show  a  decidedly  more  com- 
plicated structure  than  the  animala  just  considered. 
Unfortunately  it  is  very  difficult  to  obtain  the  ordinary  sea- 
anemones  in  a  sufficiently  expanded  condition  to  make  out  their 
structure,  since  when  irritated  they  contract  so  much  as  to 
throw  their  internal  structures  into  great  confusion.  Another 
animal  belonging  to  the  same  group  is  the  'colonial'  species 
Alcyonium.  digitaium,   sometimes   called   "Dead   men's   fingers." 


Fw.  27.     Part  of  a.  colony  of  Alrj/onfi 
in  various  stages  of  — *— 

1.  Mouth.  3.    Mesenteries  with  reproductive  cells. 

2.  Oesophagus.         4.    Feathered  tentacles. 

It  is  comparatively  easy  to  paralyse  the  members  of  the  colony  or 
polyps  by  adding  cocaine,  or  some  similar  reagent,  to  the  water  in 
which  the  colony  is  living  {Fig.  27).  If  then  an  expanded  polyp 
be  cut  off  and  examined  with  a,  lens,  we  shall  be  able  to  make  out 
most  of  its  structure.  We  notice  to  begin  with  that  there  is  a 
single  circle  of  eight  tentacles,  each  of  which  has  a  double  row  of 
short  branches,  so  that  it  looks  like  a  miniature  feather ;  within  the 
circle  of  tentacles  there  is,  however,  no  trace  of  an  oral  cone ;  there 
is  instead  a  flat  disc,  slightly  sunken  in  the  centre,  where  we  find 
the  slit-like  mouth.     If  we  look  in  at  the  lower  cut  end  of  the 


^aovGoOt^lc 


m.]  ACTINOZOA  57 

polyp  we  shall  see  that  the  coelenteron,  instead  of  being  a  simple 
cylindiical  space  like  that  of  Hydra,  ia  partially  divided  into 
compartmeuta  by  folds  stretching  in  towards  the  centre,  but  not 
meeting.  These  folds  are  called  mesenteries,  and  there  are  eight 
of  them,  corresponding  in  number  (but  not  in  position)  with  the 
tentacles  (Fig.  28).     We  shall  further  see  that  the  mouth  does  not, 


as  in  Hydra,  open  directly  into  the  coelenteron,  but  leads  into  a 
flattened  tube,  which  projects  into  the  interior  of  the  body.  This 
tube,  the  soK»illed  oeso^agus  or  gullet,  is  really  liued  by  the 
ectoderm,  which  is  merely  tucked  in  at  the  mouth.  Such  a  tube  is 
known  as  a  stomodaeum.'  The  mesenteries,  although  they  end 
freely  below,  are  attached  to  the  aides  of  the  stomodaeum  above, 
so  that  ill  this  region  the  coelenteron  is  divided  into  a  number 
of  compartments,  each  of  which  is  prolonged  iuto  one  of  the  hollow 
tentacles  (Fig.  29). 

'  "Ibave  proposed  to  designate  thielngrowth.-.tbe  stomodaeum  {v-tliiiaiaioi', 
)ibe  rvUlaur.  the  road  connected  with  a  gateway)  and  similarly  \a  call  another 
ingrontb,  which  accompanies  the  formation  of  the  second  orlUce  (the  anus}  of 
tie  entcTon,  the  proctodaeiun  "  (jipvtTis,  the  anus).    Ray  Lanlcesler. 
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A  microscopic  section  of  such  a  polyp  shows  us  several  other 
interesting  points.  We  see  that  we  have  to  deal  with  the  same 
layers  which  we  met  with  in  Hydra,  akin  (or  ectoderm)  and 
coelenteron  lining  {or  endoderm).  Between  them,  however,  there 
is  the  jelly,  which  was  present  as  an  exceedingly  line  membrane  in 
Hydra,  and  which,  greatly  thickened,  formed  the  substance  of  tlie 
bell  of  the  Medusa.  This  jelly  is  fairly  thick  in  the  minute  sea- 
anemune  we  are  examining,  and  here  contains  cells,  which  have 
wandered  into  it  from  the  ectoderm.     Some  of  these  cells  have  the 


FiQ.  29.     Transverse  section  through  n  polyp  of  Alcyonium  digltatum,  through 

the  region  of  the  oesophagus  x  about  Vid.  From  llickson. 
1.  Cavity  of  oesophagus.  2.  Siphonoglyph.  8.  Ectoderm.  4.  Me«o- 
gloeaor  jelly.  5.  Endoderm.  0.  Muscles  in  mesenieries.  0.  Inter- 
power  of  secreting  thorny  rods  of  lime,  termed  sjiicules.  These 
spicules  are  very  abundant  where  the  polyp  merges  into  the  general 
surface  of  the  colony,  so  that  they  form  a  kind  of  stiff  protecting 
crust  roimd  the  base  of  the  polyp,  and  over  the  surface  of  the 
colony  from  which  the  polyps  rise.  In  the  organ-pipe  coral, 
Tubipora,  the  spicules  in  the  lower  parts  of  the  polyps  are  so 
felted  together  that  they  form  a  set  of  parallel  tubes,  suggesting 
the  pipes  of  an  organ ;  only  the  upper  part  of  the  polyp,  where  the 
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spicules  are  not  yet  closely  aggregated,  being  capable  of  movement. 
We  have  spoken  above  of  the  colony  as  distinct  from  the  polyps, 
and  this  use  of  the  word  demands  some  justification.  When  vre 
were  dealing  witli  the  Hydromedusae,  we  used  the  word  colony  in 
the  sense  of  the  whole  mass  of  the  polyps  which  cohered  together, 
and  which  had  arisen  by  the  growth  of  one  original  polyp.  Now 
in  Aicyonium  and  its  allies,  budding  does  not  take  place  in  quite 
the  simple  manner  in  which  it  occurs  in  Hydra  and  its  allies. 
Instead  of  one  polyp  growing  directly  out  of  anothei',  the  cjfelen- 
teron  of  the  parent  sends  out  a  tube  lined  only  by  endoderm.  This 
tube  grows,  pushing  the  ectoderm  before  it;  but,  as  between  the 
ectoderm  and  endoderm  there  is  a  thick  jelly  interposed,  the  endo- 
dermal  tube  can  branch  without  the  ectoderm  becoming  indented. 
^^Tiere  the  free  ends  of  these  tubes  reach  the  surface,  there  fresh 
polyps  are  developed,  mesenteries  and  oesophagus  making  their 
appearance.  Something  like  these  tubes  does,  in  fact,  occur 
amongst  Hydromedusae:  a  complete  colony  is  found  to  consist  of 
a  number  of  upright  branches  ending  in  polyps  but  connected  at 
their  bases  by  tubes  called  stolons  which  creep  along  the  gi-ound: 
the  endodermal  tubes  of  Aicyonium.  may  be  compaved  to  these 
stolons,  the  great  difference  being  that  in  their  case,  owing  to  the 
thickness  of  the  jelly,  the  ectoderm  is  stretched  uniformly  over  a 
mass  of  tubes,  instead  of  each  tube  having  its  own  ectodermal  cov- 
ering as  in  the  Hydromedusae. 

Still  examining  a  section  of  the  polyp  the  next  point  we  notice 
is  the  structure  of  the  mesenteries.  These  end  in  a  free  edge 
below,  which  is  much  thickened  and  folded,  and  since  it  stands  out 
in  contrast  with  the  rest  of  the  mesentei-y  as  if  it  were  an  inde- 
pendent structure  it  has  been  called  a  mesenteric  filament 
(Figs.  28  and  30).  The  cells  composing  six  of  these  filaments  are 
very  tall  and  secrete  a  juice  which  digests  the  prey ;  the  remain- 
ing two  filaments  are  composed  of  ciliated  cells  of  moderate  height 
which  maintain  a  cbnstant  outward  current  of  water.  The  surface 
of  the  mesenteries  is  covered  by  cells  which  become  very  much 
folded  so  as  to  produce  a  marked  projection  from  the  face  of  the 
mesentery.  The  cells  of  the  folded  area  are  all  produced  into 
vertical  muscle-tails  so  that  together  they  give  rise  to  one  of  the 
powerful  longitudinal  muscles  (Figs.  28  and  29)  by  which  the 
sadden  retraction  of  the  polyp  ia  brought  about.  The  slow  expan- 
sion is  effected  by  the  reaction  of  the  elastic  jelly  or  mesogloea 
and  perhaps  also  by  the  pressure  exerted  on  the  fluid  contained  in 
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the  body  by  a  layer  of  circular  muscles  developed  as  outgrowtlis 
from  the  endoderm  cells  of  the  intermeseiiteric  chambers. 

A  second  difference  is  found  in  the  position  of  the  eggs  and 
sperm  cells.  These  are  developed  from  the  endoderm  on  the  face 
of  the  mesenteries,  very  low  down'  in  the  base  of  the  polyp  and 
nearer  the  free  edge  than  the  longitudinal  muscle.  The  eggs  when 
ripe  are  cast  out  into  the  coelenteron  and  so  out  by  the  mouth, 
though  in  many  species  they  come  in  contact  with  the  male  cells 
whilst  in  the  coelenteron  of  the  parent. 

The  gullet  has  at  one  side  a  deep  indentation  or  groove  which 
is  lined  by  powerful  cilia  {2,  Fig.  29).  The  groove  is  termed  a 
siphonogljph  (Gr.  triifioiv,  a  tube;  yXv^xo,  to  hollow  out)  and 
its  cilia  keep  up  an  inward  current  of  water  whilst  the  rest  of  the 
gullet  is  choked  with  prey,  and  so  fresh  supplies  of  water  charged 
with  oxygen  are  brought  in  contact  with  the  lining  of  the  coelen- 
teron and  enable  it  to  respire.  Thus  in  conjunction  with  the  action 
of  the  two  ciliated  mesenteric  filaments  a  complete  circulation  of 
the  water  in  the  coelenteron  is  maintained.  The  ectoderm  of  course 
gets  its  oxygen  directly  from  the  surrounding  water. 

The  ordinary  searanemones  differ  from  Alcyonium  in  very  many 
points.  The  tentacles,  hollow  as  before,  are  never  feather-like,  but 
always  perfectly  simple  and  round,  and  there  are  usiially  a  large 
number  of  them,  so  that  they  are  arranged  in  several  concentric 
circles.  The  mesenteries  also  are  numerous,  and  extend  inwards  to 
different  lengths,  so  that  we  can  distinguish  primary  mesenteries 
which  join  the  gullet  from  secondary  ones  which  do  not.  Both 
primary  and  secondary  are  usually  arranged  in  pairs.  Spicules  are 
never  developed,  and  in  the  ordinary  anemones  of  our  coasts  there 
is  no  skeleton  whatsoever.  The  common  anemones  of  our  coasts, 
sometimes,  though  rarely,  bud,  but  there  is  another  large  class  of 
anemones  which  do  form  colonies,  the  buds  occasionally  arising 
as  in  the  Hydromedusae  from  the  body  of  the  parent  directly. 
These  colonial  anemones  form  the  hard  stony  masses  called  coral 
(Fig.  30).  If  we  look  at  a  piece  of  coral  we  can  see  in  it  cups 
with  partitions  radiating  inwards,  the  whole  reminding  one  of  the 
structure  of  a  sea^anemone ;  and  it  was  a  natural  mistake  to 
suppose,  as  the  earlier  naturalists  did,  that  the  hard  skeleton  was 
formed  inside  the  body  of  the  polyps,  the  partitions  representing 
the  mesenteries.  Of  course  it  is  difficult  to  imj^ine  how  the  ani- 
mal could  move  if  it  had  all  that  mass  of  stone  inside  it.  How  the 
corallum  or  stony  skeleton  is  formed  is  a  matter  of  dispute.    It 
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has  been  suggested  that  it  is  secreted  by  the  ectoderm  as  a  kind  of 
sweat  which  hardens,  or  that  the  ectoderm  cells  are  calcified  and 
thrown  off,  or  that  the  ammouium  carbonate,  secreted  by  alt 
animals,  precipitates  the  calcium  carbonate  of  the  sea  water  and  so 
forms  the  skeleton.  At  any  rate  a  calcareous  cup  is  formed  in 
which  the  polyp  sits  and  the  partitions  of  the  cup  indent  the  base 
of  the  animal,  pushing  before  them  folds  of  the  body-wall,  which 
project  into  the  coelenteron  between  mesenteries,  so  that  the  action 
of  the  longitudinal  muscles  is  not  interfered  with. 


Fio.  30.  Semi-diAgrainniiitlc  view  of  half  a  iiraple  Coral,  partly  after  G.  C. 
Bourne.  On  the  right  side  the  ttsaues  are  lepreaented  aa  tranHpareDt  to 
show  the  arrangeraent  of  the  theca  and  septa ;  on  the  left  side  a  meeenter; 
is  seen. 

1.  Tentacle.  2.  Mouth.  3.  Oesophagus.  4.  Mesentery.  6.  Mesen- 
teric filaments,  free  edge  of  mesentery.  0,  Ectoderm.  T.  Endoderm. 
S.    Basal  plate.      9.    Theca.      10.   Columella.      11.    Septum. 

Coral-forming  anemones  are  found  all  over  the  world,  —  one 
species,  Caryophyllin,  being  actually  found  at  low  spring 
tides  on  the  south-west  coasts  of  England :  but  it  is 
only  in  the  tropica  that  those  species  are  found  which  keep  on 
budding  and  growing  with  sufficient  persistence  to  build  up  the 
great  reefs  which  form  the  famous  coral  islands  of  warmer  seas. 
Of  course  as  soon  as  the  reef  is  built  up  to  the  surface  the  polyps 
cease  to  grow,  and  the  breakers  soon  pile  up  broken-off  pieces  in 
sufScient  quantity  to  raise  the  reef  above  the  tide-marks. 
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In  all  the  anemoDes  that  have  been  described  so  far  there  has 
been  no  trace  of  individuals  modified  for  swimming,  as  the  medusoid 
[K'-rsons  in  a  Hydromedusan  colony  are  modified.  There  is  however 
a  class  of  animals  which  aeem  to  be  truly  anemones  modified  for  a 
free-swimming  life,  although  zoologists  have  hitherto  hesitated 
about  classing  them  either  with  the  Hydromedusae  or  with  the 
Anemones. 

The  zoological  name  of  these  creatures  Is  Acalepha^  (Gr. 
aitaXrjipTi,  a  nettle).  They  are  the  'larger  and  better 
known  jelly-fishes.  A  common  British  species,  Aurelia 
aitrita,  is  in  summer  often  cast  by  thousands  on  the  southern  shores 
of  Great  Britain.  Viewed  from  the  outside  they  very  much  i-esembJe 
the  medusoids.  Like  them  they  possess  a  swimming  bell  with  a 
circle  of  tentacles  at  the  margin.  There  is  also  a  prominent  oral 
cone  or  manubrium.  This  however  does  not  bear  real  tentacles,  but 
the  four  corners  of  the  rectangular  month  are  drawn  out  into  long 
frilled  lips  (2,  Fig.  31),  along  the  inner  sides  of  which  are  open 
grooves  leading  into  the  gullet.  Perhaps  the  most  marked  differ- 
ence is  that  the  reproductive  organs  are  here,  as  in  the  anemones, 
swellings  of  the  stomach  lining :  the  eggs  and  spermatozoa  are  shed 
into  the  coelenteron  and  escape  by  the  mouth.  The  generative 
oi^ns  have  the  shape  of  four  semicircular  ridges,  and  along  the 
inner  side  of  each  of  these  there  is  a  row  of  filaments  composed  of 
cells  somewhat  similar  to  the  cells  on  the  edges  of  the  nffesenteries 
in  the  anemones  (11,  Fig.  31).  Nothing  like  these  gastric  fila- 
ments, as  they  are  called,  are  found  in  the  Hydromedusae,  There 
is,  further,  no  velum  in  the  Acalephae,  and  there  is  also  no  nerve 
ring.  Sense  organs  however  of  an  exceedingly  interesting  kind  are 
present. 

In  Aurelia,  for  instance,  there  are  eight  minute  tentacles  which 
stick  out  fi-ora  the  edge  of  the  bell  and  ai-e  covered  by  special  little 
hoodlike  outgrowths  of  the  same  (9,  Fig.  31).  Each  of  these 
tentacles  contains  a  hollow  outgrowth  from  the  circular  canal  lined 
like  it  by  endoderm.  The  endoderm  cells  at  the  tip  secrete  a  nias.s 
of  calcareous  particles:  the  skin  cells  at  the  base  of  the  tentacle 
have  produced  nervous  fibrillae  from  their  bases  and  so  the  tenta- 
cle, as  it  is  caused  to  sway  in  one  direction  or  another  by  the  weight 
of  its  heavy  end,  affects  now  some  of  the  nerve  fibrillae  and  now 
others,  and  so  produces  the  same  effect  as  the  stones  in  the  ear- 
sac  of  a  medusoid,  though  the  construction  of  the  Acalephan  organ 
is  quite  different.     In  one  division  of  the  Hydromedusae,  however, 
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sense  teDtacles  similar  to  those  of  the  Acalephae  are  found.  Here 
the  edges  of  the  hood  often  join  so  as  to  form  a  sac  enclosing  the 
organ,  whence  the  name  tentaculocyat  (9,  Fig.  25).  It  has  been 
proved  experimentally  that  the  ordinary  stimuli  which  cause  the 
rhythmical  pulses  of  the  bell,  proceed  from  these  teniae ulocyats,  so 
that  tMfey  act  like  minute  brains.  How  the  con^rdination  of  the 
stimuli  proceeding  from  the  eight  centres  is  brought  about  we  do 
not  know,  but  It  ia  probably  due  to  the  presence  of  a  very  thin 
diffuse  sheet  of  nerve  fibrillae  ou  the  under  surface  of  the  bell. 


Pio.  31,    Aurella  aartla.    Somewhat  reduced. 
1.    Mouth.  2.    Circumoral  proceases.  3.    Tenlaclea  on  the  edge  o(  the 

umbretls.  4.  One  of  the  branching  peiradial  canals.  There  an  fuur  of 
these,  and  four  similar  iiiWiradial  canals ;  the  perradial  canals  correspond 
to  the  primary  stomach  pouches  of  the  Hydra~tutia.  the  interradial  atler- 
nat«  with  these.  5.  One  of  the  unbranched  adradinl  cauala.  6.  Tlie 
circnlar  canaL  9.  Marginal  lappets  hiding  tentaculoc^sls.  11.  Gaairal 
filaments,  just  oateide  these  are  the  genital  ridges. 

It  has  been  mentioned  above  that  the  reproductive  organs  are 
swellings  of  the  endoderm.  The  central  apace  or  "  stomach  "  is  a 
wide  sac  occupying  the  centre  part  of  the  bell  and  not,  as  in  the 
Medusoids,  confined  to  a  large  extent  to  the  oral  cone.     In  Aurdia 
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this  spa«e  is  produced  into  four  lobes,  and  in  the  floor  of  each  lobe 
is  oue  of  the  reproductive  organs.  From  the  edges  of  the  stomach 
a  number  of  branching  canals  lead  out  iuto  the  circular  canal 
(4,  Fig.  31),  all  these  tubes  being,  as  it  were,  burrows  in  a  continuous 
sheet  of  endoderin  cells,  which  stret^^hes  out  to  the  edge  of  the  disc 
and  really  represents  a  part  of  the  eoelenteron,  the  cavity  9f  which 
has  been  obliterated.  It  thus  corresponds  exactly  to  the  endodernial 
lamella  of  the  Hydromedusae. 

When  the  eggs  fall  out  of  the  mouth  they  ai-e  caught  in  little 
pockets  and  there  develope  into  little  Planula  larvae.  These,  as 
usual,  become  free  and  swim  about,  and  finally  each  fixes  itself  and 
developes  into  a  little  polyp,  called  a  Hydra- tuba,  not  unlike  a 
Hydra  in  appearance  (A,  Fig.  32).  When  examined  by  microscopic 
sections,  however,  it  shows  impoi-tant  points  of  ditference.     Thus 


Fia.  32.     StrobilizatioD  of  Aarelia  auriln.     From  Sara. 

A.    Hydra-tuba  on  stolon  nhicli  is  creeping  on  a  Lnmlnarla.    The  stolon 

is  forming  new  buds  at  1  and  2.        B.    Later  stage  x  i.     Scyptiielouia. 

The  Btrobilization  has  begun,         C.    Strobilization  furliier  advanced  x  (I. 

1).    Free-swimming   Kphyra  stage  x  "'5,   seen   from   below.         E.    Tlie 

there  is  no  oral  cone,  but  a  flat  mouth-disc  in  the  centre  of  which 
the  mouth  leads  into  a  gullet  like  that  of  the  anemone,  lined  by 
the  e(!toderm  and  projecting  into  the  eoelenteron.  The  latter  has 
four  ridges  projecting  into  it,  the  lower  edges  of  which  are  free 
while  the  upper  ones  are  joined  to  the  gullet  (stomodaeum).    In  fact 
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the  Hydra-tuba  is  to  all  intents  and  purposes  a  very  simple 
anemone.  During  a  large  part  of  the  year  it  multiplies  by  budding, 
just  aa  a  Hydro  does,  but  at  certain  seasons  it  undergoes  a  very 
remarkable  change  (B  and  C,  Fig.  32).  The  oral  disc  flattens  out 
very  much,  and  its  edges  become  drawn  out  into  lobes,  the  tentacles 
at  the  same  time  dropping  off.  A  short  oral  cone  is  developed 
from  the  centre  of  the  disc,  the  mesenteries  become  perforated  and 
finally  the  whole  flattened-out  top  of  the  Hydra-tuba  breaks  off  and 
swims  away.  This  is  known  as  an  Ephyra  larva  (D  and  E,  Fig.  32). 
It  leads  a  free  life  and  gradually  develops  into  a  large  jelly-fish. 
But  long  before  the  primary  oral  disc  has  become  free,  the  part  of 
the  Hydra-tuba  next  below  haa  been  growing  out  so  as  to  produce 
a  similar  disc.  This  process,  called  Strobilization(Gr.oTpo/JiAo's, 
a  whorl),  is  repeated  until  the  Hydra-tuba  resembles  a  pile  pf 
saucers,  in  which  state  it  is  called  a  Scyphistoma  (Gr.  o-ki;<^, 
a  saucer). 

We  can  get  some  idea  aa  to  how  this  extraordinary  development 
may  have  arisen  on  the  following  hypothesis :  — The  original  Aca- 
lephan  was  probably  an  anemone  with  a  wide  top  and  narrow  base. 
In  this  top  the  generative  organs  were  developed,  and  when  the 
eggs  became  ripe  it  broke  off  and  wandered  away  in  order  to 
disperse  the  species.  The  lower  part  of  the  polyp  regenerated  the 
head,  exactly  as  a  Hydra  can  do  if  the  head  with  its  ring  of 
tentacles  be  cut  off.  Later  this  process  of  renewal  Ijecame  hurried 
on  until  it  commenced  befoi-e  the  separation  of  the  head  was 
complete  and  thus  we  have  the  Scyphistoma  stage.  It  is  a  strong 
support  of  this  theory  that  there  exists  a  large  coral-forming 
anemone,  Fangia,  in  which  there  is  a  flat  top  and  a  stalk,  and  the 
flat  top  periodically  falls  off  and  is  renewed. 

A  third  great  division  of  the  Coelenterata  is  constituted  by  the 
animals  called  Ctenop  ho  ra  (Or.  jurtiV,  KTtva<i,  a  comb). 
These  are  widely  different  from  both  Hydromedusae 
or  Actinozoa,  even  including  Acalephae.  They  never  bud  and  with 
one  doubtful  exception  have  no  thread  cells.  In  place  of  these 
there  are  gripping  or  adhesive  cells  covered  with  a  secretion 
by  which  they  adhere  to  the  prey.  They  are  often  ripped  off  in  the 
struggles  of  the  prey.  They  are  each  provided  with  an  elastic  tail 
embedded  in  the  jelly  which  pulls  in  the  object  to  which  they  have 
adhered.  The  Ctenophora  are  free  swimming  but  their  locomotion 
is  performed  not  by  the  agency  ■  of  muscular  bands  but  by  eight 
bands  of  cilia  which  run  like  meridians  of  longitude  over  the 
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generally  oval  body  from  the  mouth  to  the  opposite  pole  (5, 
Fig.  33).  The  cilia,  in  each  baod  are  arranged  in  short  transverse^ 
rows,  and  the  cilia  in  each  row  are  joined  at  the  base  and  free  at 
the  tip.  So  each  row  has  the  foiiu  of  a  comb,  and  thus  the  name 
comb-bearer,  Ctenophora,  is  seen  to  be  api>ropriate.  Further  the 
principal  sense  organ  is  situated  in  the  centre  of  the  end  of  the 
animal  opposite  to  the  mouth  at  the  spot  where  the  bands  of 
thickened  ectoderm  which  carry  the  combs,  convei^e.  These 
thickened  ridges  of  cells  are  often  termed  "  ribs."     If  we  compare 


Fio.  33.    Hormipliora piuiHOia.    After  Cbun.    Side  view. 
].    Mouth  leading  into  atoroach.  2.    Aboral  pole  with  aenae  organ. 

3.    Funnel.  4.    Paragaatric  canal   running  back   towarda  oral  pole. 

6.    Une  of  tlie  eight  bands  of  fused  cilia.       0,    Une  of  the  eight  canala 
running   towards   5.  T.     A   tentacular  pouch.  8.     A   tentacle. 

0.    Gelatinous  tissue. 

the  animal  to  a  globe,  the  end  at  which   the  mouth  is  may  be 
called  the  oral  pole,  the  opposite  end  the  aboral  pole  (2,  Fig.  33). 
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The  sense  organ  at  the  aboi'al  pole  is  a  plate  of  thickened  ecto- 
derm, the  cells  of  which  have  developed  nerve  tails.  Similar  oerve 
tails  are  developed  by  the  bands  of  ectoderm  which  carry  the  combs. 
The  cells  at  the  edge  of  the  plate  carry  cilia  fused  with  one  another 
which  arch  over  the  plate  and  cover  it  like  a  tent.  Inside  is  a 
ealcai'eous  ball  supported  on  four  curved  bars,  each  made  of  con- 
joinetl  cilia,  borne  by  some  of  the  inner  cells.  This  ball  acts  as  a 
balancing  sense  organ.  If  the  animal  inclines  to  one  side  the  ball 
will  bear  heavily  on  the  support  on  that  side,  and  stimulate  thus 
the  corresponding  ribs,  which  will  thus  act  more  vigorously  than 
the  rest  and  tend  to  restore  the  vertical  position. 

Like  Actinozoa,  Ctenophora  have  a  well-marked  stomodaeum,  and 
the  true  coelenteron  is  represented  by  a  series  of  branching  canals, 
the  central  one  being  termed  the  fun  n  el  {3,  Fig.  33).  The  funnel 
and  stoniodaeum  are  both  flattened  but  in  planes  at  right  angles  to 
one  another.  The  funnel  gives  off  (1)  two  canals,  the  so-called 
excretory  canals,  which  open  at  the  sides  of  the  sense  organ; 
(2)  two  canals,  paragastric,  running  back  towards  the  mouth 
parallel  with  the  stomodaeum  (4,  Fig.  33) ;  (3)  two  canals  running 
each  to  a  branched  tentacle,  which  can  be  retracted  within  a  pouch 
(7,  Fig.  33).  This  branched  tentacle  is  covered  with  adhesive  cells, 
there  is  one  on  each  side  of  the  animal.  Each  tentacle  canal  gives 
off  four  branches  (fi,  Fig.  33)  which  lead  into  the  meridional  canals 
running  under  the  ribs,  from  the  cells  lining  which  both  ova  and 
spermatozoa  are  produced,  as  Ctenophora  are  hermaphrodite.  Tho 
commonest  British  form  is  Hormiphora  jdumosa. 


Phylum  COELENTERATA 

The  classification  of  the  Coelenterata  is  as  follows :  — 
Class  I.     Hydrozoa 

Coelenterata  without  mesenteries  or  gullet  lined  by  ectoderm : 
genital  cells  derived  from  ectoderm. 
Order  1.     Hydroida. 

Only  hydroid  persons  present,  not  permanently  attached 
but  capable  of  locomotion,  the  buds  become  free. 
Order  2.     Hydromedusae. 

Composite  fixed  colonies  of  hydroid  persons  from  which 
meduaoid  persons  are  budded  o£E. 
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Suborder  (1)  Qymnoblastea.  Perisarc  confined  to  the 
base  of  the  hydroids  :  medusoids  have  eyes  and  bear  gonads  on 
the  niauubrium. 

Suborder  (2)  CalTptoblastea.  Perisarc  expanded  to  form 
cups  called  hydrotheeae,  into  which  heads  of  hydroid  persons 
can  be  retracted :  medusoids  have  ears  and  bear  gonads  ou 
under  side  of  umbrella. 

Class  II.     AcTisozoA 
Solitary  or  colonial  Coelenterata  with  gullet  lined  by  ectoderm  r 
coelenteron    provided    with   radiating   mesenteries :    genital   cells 
derived  from  eiidoderm. 
Order  1.    Aloyonsria. 

Eight  fringed  tentacles,  and  eight  mesenteries :  spicules  in 
the  jelly. 
Order  2.     Zoantbaria. 

Mesenteries  usually  in  pairs,  either   six  pairs  or  some 
multiple  of  six :  tentacles  conical :  no  spicules  but  often  an 
external  calcareous  skeleton  formed  by  the  ectoderm. 
Order  3.     Acalephae. 

Forms  with  altei'nation  of  generations :  mesenteries  ])reseiit 
in  young,  but  later  become  absorbed :  oral  part  breaks  loose 
and  becomes  developed  into  a  free-swimming  organism  exter- 
nally resembling  a  medusoid:  the  stalk  of  the  original  polyp 
reproduces  the  lost  parts. 

Class  III,     Ctenophora 

Very  widely  different  from  the  two  preceding  divisions ;  free- 
swimming  animals  with  a  sense  organ  and  nervous  disc  of  skin  at 
the  pole  opposite  the  mouth :  swim  not  by  muscular  contiactions 
but  by  vibrations  of  eight  longitudinal  bands  of  cilia  radiating  from 
nervous  disc,  which  bands  consist  of  successive  transverse  rows  of 
cilia,  the  cilia  of  each  row  fused  at  base  so  as  to  form  a  comb- 
like structure:  only  two  tentacles,  a  gullet  lined  by  ectoderm: 
stomach  represented  by  a  system  of  bi'anching  tubes. 


^aovGoOt^lc 


CHAPTER  IV 
Phylum  Porifera 

The  group  of  the  spongesor  Porifera  occupies  an  almost  isolated 
position  in  the  animal  kingdom.  Sponges  agree,  it  is 
docrimiaa  ''''"^'  ^*^  Coelenterata  in  exhibiting  cellular  structure 
and  having  their  protoplasm  arranged  in  tissues ;  and 
further  in  the  fact  that  all  the  internal  cavities  of  the  body  are  in 
communication  with  one  another,  so  that  both  Coelenterata  and 
Porifera  might  be  described  as  systems  of  branched  tubes.  A 
closer  inspection  however  reveals  the  fact  that  the  tissues  of  the 
Porifera  ai'e  very  different  from  those  of  Coelenterata,  and  originate 
in  a  different  way  from  the  larva,  so  that  the  opinion  is  gaining 
ground,  that  whereas  most,  if  not  all,  of  the  higher  groujis  of 
animals  have  descended  from  ancestors  which  had  we  seen  them 
■we  should  have  classed  as  Coelenterata,  Porifera  on  the  other  hand 
have  leen  independently  derived  from  Protozoa. 

In  Coelenterata  the  colonies  caR  be  analysed  into  persons 
(medusoids  or  hydroids)  and  stolons,  and  many  of  the  Porifera  show 
a  like  aggregation  of  persons.  But  in  many  forms  it  is  impossible 
to  suggest  how  many  individuals  are  contained  in  the  branch 
system  of  a  single  aggregate  since  all  distinctness  of  individuals  is 
lost.  Further  analysis  shows  that  the  apparent  persons  or  units, 
even  -when  most  clearly  demarcated,  are  of  very  varying  morpho- 
logical value. 

The  salient  peculiarities  of  sponges  will  be  best  appreciated 
by  a  short  description  of  one  of  the  simplest  types 
known,  a  sponge  called  Leucosolenia,  which  is  common 
on  most  clean  rocky  shores. 

In  this  animal  we  can  recognise  a  foundation  consisting  of  a 
network  of  horizontal  stolons,  adherent  to  some  foreign  objei-t, 
from  which  a  number  of  upright  tubes  spring.     Each  upright  tube 
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enda  in  a  large  openiug,  the  osculum  (1,  Fig.  34),  which  can  be 

closed  if  the  auimal  be  irritated  and  which  in  Leucoaolenia  is 
partly  closed  by  a.  perforated  membrane.  This  opening,  which  at 
first  sight  recalls  the  mouth  of  Hydra,  is  really  used  for  a  quite 
difEerent  purpose.  It  is  an  efferent  opening  (Lat.  effero,  to  carry 
out)  and  from  it  the  water  which  has  passed  through  the  animal  is 
expelled.  Water  enters  the  internal  cavity  through  a  multitude  of 
very  fine  pores  in  the  walls  of  the  tube  (Fig.  35,  and  1,  Fig.  37): 
it  is  the  universal  presence  of  these  pores  which  gives  the  name 
Porifera  to  the  group. 


Fia.  ^.  View  of  a  branch  of  L^neoiolenia  sp.,  showing  the  sievf-like  mem- 
brane wliich  stvelclies  across  tlie  oaculum.  The  lower  part  of  the  sponge 
shows  spicules  only  x  10.     From  Mlnchiu. 

1,    Sieve-Uke  membrane. 

The  wall  of  the  tube  is  made  up  of  two  layers,  but  we  must 
guai'd  ourselves  against  raslily  comparing  these  with  the  layers  of 
the  body-wall  of  Hydra,  and  hence  it  is  better  to  avoid  the  names 
ectoderm  and  endoderin  and  adopt  the  terms  dermal  and  gastral 
layers. 

Tl(e  dermal  layer  consists  of  flat  cells  which  cover  the  external 
surface  and  extend  for  a  short  distance  inside  the  osculum,  and  of 
cells  termed  anioeboc3-tes  from  the  resemblance  of  their  movements 
to  those  of  an  Amoeba:  the  whole  of  the  rest  of  the  tube  and  the 
stolons  are  lined  by  a  tissue  consisting  of  peculiar  cells  called 
choanocytes    (Gr,  xiawi,  a  funnel;    icifros,  a  hollow  vessel),  or 
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collar  cells,  which  alone  constitute  the  gastral  layer  (3,  Fig.  35 
and  Fig.  36).  Each  of  these  is  cylindrical  and  provided  with  a 
funnel-shaped  transparent  rim  called  the  collar,  turned  towards 
the  cavity  of  thd  tube.     The  collars  of  adjacent  cells  are  not 


Fio.  35.     Vertical  Hection  through  an  onculuin  with  eieve-like  membrane,  and 

a  tube  of  LeucosoUnia  sp.     Highly  magnified.     From  Minchin. 
1.    Sieve-Ulte  membrane.         2.    Outer  layer.         3.    Flagellated  or  collar  cells  ■ 

(choanocyteE).    The  pointer  ebould  have  been  continued  to  indicate  the 

cells  lining  5.         4.    Spicules.         6.    Jnlernal  c»Tily. 

normally  in  contact,  and  the  outer  pari;  of  the  cell  bodies  are  widely 
separate,  so  that  here  the  distinctness  of  the  elements  of  a  cellular 
tissue  is  carried  to  an  extreme.  From  the  centre  of  each  collar 
a  long  flagellum  arises,  and  it  is  by  the  action  of  these  fiagella 
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that  water  is  drawn  in  through  the  pores.  The  sponge  lives  on 
the  organisms  carried  in  by  the  current ;  these  appear  to  he  carried 
within  the  collars  by  the  minute  whirlpools  produced  by  the 
individual  flagella:  they  adhere  to  the  collars  and  are  swallowed 
by  them  and  digested  by  the  cells.  It  will  be  seen  that  the  collar  is 
a  real  living  structure,  not  a  cuticular  tube,  such  as  the  hydrotheca 
of  a  calyptoblastic  hydroid,  and  this  is  further  illustrated  by  the 
fact  that  it  is  withdrawn  by  the  collar-cell  under  certain  conditions. 
The  water  after  being  exhanst«d  of  its  food  is  expelled  through 
the  OBCulum,  carrying  with  it  all  excreta. 


1.  Nucleus,       2.   Vacuole.       8,  Opening  into  the  Inner  space  o(  the  sponge. 

The  outer  layer  of  the  body-wall  consists,  in  the  ordinary  con- 
dition of  the  sponge,  of  fattened  cells.  These  however,  especially 
in  the  region  of  the  osculum,  have  the  power  of  changing  their 
shape  so  as  to  become  shorter  and  thicker ;  in  a  word  they  can 
contract,  although  they  show  no  trace  of  the  librillae  found  in  all 
muscle  and  in  the  muscle  tails  of  the  contractile  cells  of  Coelen- 
terata.     The  contraction  is  slow,  not  quick,  as  in  true  muscle. 

It  has  been  proved  that  the  pores  are  formed  by  specially  large 
cells,  the  porocytes,  which  extend  from  the  outer  layer  and  push 
aside  the  choanocytes,  and  then  become  hollowed  out. 

Between  the  two  layers  is  found  a  certain  amount  of  secretion 
which   may  be  termed  jelly,  in  which  in  many  sponges  a  large 
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number  of  cells  ia  found.  These  form  a  portion  of  the  dermal  layer, 
and  are,  for  the  most  part,  amoeboid.  Some  of  these  probably  act 
as  carriers  of  food  and  possibly  of  excreta  from  one  layer  to  the 
other.  Others  at  first  very  similar  give  rise  to  ova  and  sperma- 
tozoa. A  third  class  called  scler  obi  as  ts  —  derived  in  Leucosolenia 
from  the  flat  cells  which  cover  the  surface,  but  not  so  derived  in  all 
sponges  —  secrete  the  rods  which  form  the  skeleton  and  which  are 
termed  spicules  (Fig.  34,  and  6,  Fig.  37).  In  Leucoaolenia  these 
are  calcareous  and  have  three  rays,  more  or  less  in  one  plane  —  a 
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Fio.  37.  SecUoD  of  ft  portion  of  Qranlla  extusarticulata.  Higbl;  magnified. 
From  UeDdy. 

1.  Openings  of  the  inhalaot  canala.  2.  InhAlant  canal.  3.  Openings  of 
inhalant  canals  into  fUi;ellaled  chamber  (proeopyle).  4.    FIftgellaled 

chamber.  5.    Flagullated  or  collar  cells,  choanocyteo.  S.    Spicules. 

7.    Exbalant  opening  of  flagellated  chamber. 

shape  technically  named  triradiate.  One  limb  is  usually  directed 
parallel  with  the  long  axis  of  the  tube,  and  often  bears  a  fourth  ray 
or  spine  making  a  quadriradiate  spicule.  The  spicules  although 
remaining  unconnected  are  numerous  enough  to  form  a  loose  mesh- 
work. 

The  larva  of  sponges  at  first  sight  recalls   the   plannla   of 

Coelenterata,  inasmuch  as  it  has  the  form  of  an  oval 

vesicle  containing  cells,  some  of  which  are  amoeboid, 

and  has  a  single  layer  of  flagellated  cells  on  the  external  surface. 
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This  layer  either  completely  surrounds  the  larva,  as  in  Spongilia,  or 
partially  surrouuda  it,  na  in  Leucosolenia.  When  however  this  larva 
changes  into  a  sponge,  the  inner  layer  bursts  forth  and  surrounds 
the  ciliated  cells  andeventually  forms  the  dermal  layerof  the  adult, 
whereas  the  ciliated  cells  form  the  gastral  layer.  This  extraordinary 
metamorphosis  is  the  exact  opposite  of  what  happens  to  the  plauula 
and  renders  a  comparison  of  the  tissues  of  Coelenterata  and  Porifera 


The  most  important  points  in  which  the  higher  sponges  difEer 
from    Leucos'ilenia  are  the  folding  of  the  outer  and 

compisx  inner  layer,  the  restriction  of  the  choanocytes  to 
small  portions  of  the  latter,  and  the  differentiation  of 
the  body  into  distinct  regions. 

A  common  sponge  on  the  British  coast,  Syeon  (Granlia)  com- 
preasum,  will  illustrate  the  first  step  in  this  complication.  This 
animal  has  the  form  of  a  series  of  a  flattened  thick-walled  upright 
tube.  The  layer  lining  the  central  cavity  consists  of  flattened  cells, 
but  from  this  cavity  pouches  lined  by  choanocjtes  extend  out  into 
the  substance  of  the  wall.  These  flagellated  chambers,  as 
they  are  often  called,  communicate  with  the  exterior  by  a  series  of 
inhalant  canals  which  intervene  between  them  and  into  which 
the  pores  open  (Fig.  37).  The  inhalant  or  afferent  canals  are 
due  to  foldings  of  the  outer  layer. 

When  a  sponge  becomes  still  more  complicated  the  central 
cavity  becomes  broken  up  into  a  series  of  branching  eauals,  which 
are  termed  exhalant  or  efferent,  and  the  ciliated  chambers  become 
small  and  rounded  (Fig.  36),  each  often  connected  only  by  a  single 
opening  or  prosopyle  (Gr.  n-pmriu,  forwards;  iruXij,  agate)  with  the 
afferent  system  of  canals.  Numerous  oscula  arc  found  in  one 
sponge  mass,  so  that  no  pretence  of  discriminating  the  individual 
can  be  nmde. 

The  majority  of  sponges  have  siliceous  spiciiles,  and  these  are 
often  arranged  in  bands  glued  together  by  a  horny  secretion  called 
spongin.  The  Bath-si>onge  is  the  skeleton  of  a  genus  Eusponi/!'! 
which  has  the  network  of  spongin  cords  without  the  siliceous  spicules. 
It  is  found  in  the  Mediterranean  and  other  seas.  Two  fresh-water 
species,  namely,  Spongilla  lacustris  with  a  bush-like  appearance 
and  Ephydatia  JtuvialiUa  with  an  encrusting  form,  are  often  found 
growing  on  the  side  of  canals  and  on  the  timbers  of  river-lorks 
or  weirs  in  Great  Britain.  These  two  species  are  bright  green 
when  they  grow  in  the  light,  but  they  are  pale  flesh-colour  when 
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they  grow  in  the  shade.     In  Canada  similar  speciea  adhere  to 
stones  in  the  river  St.  Lawrence, 

Porifera  then  maj  be  defined  as  animals  consisting  of  branch- 
systems  of  tubes,  the  principal  openings  of  which  are  exbalant, 
whereas  the  inhalant  openings  are  minute  perforations  of  the  walls. 
The  wall  consists  of  two  layers ;  some  cells  of  the  inner  layer  have 
the  form  of  choanocytes,  whilst  the  skeleton  consists  of  siliceous  or 
calcareous  needles  formed  by  cells  of  the  outer  layer  which  wander 
in,  or  of  spongin.  There  are  never  any  thread-cells,  or  differentiated 
muscle  or  well-marked  nerve-cells,  nor  any  such  organs  as  tentacles. 

The  phylum  is  divided  into  three  classes :  — 

Class  I,     Calcakea 
Sponges  with  calcareous  spicules  and  large  flagellated  chambers. 
Ex.     Leucosolenia,  Grantia. 

Class  II.     Hexactixellida 
Sponges  with  siliceous  spicules,  having  three  axes  at  right  angles 
to  one  another  and  with  large  flagellated  chambers. 
Ex.     Euplectella,  the  Venus  flower-basket. 

Class  III.     Demospoxgiae 

Sponges  with  quadri  radiate,  trlradiate  or  needle-like  siliceous 
spicules  or  none,  the  needle-like  spicules  arranged  in  cords  and 
often  embedded  in  spongin,  flagellated  chambers  usually  small. 

Ex.     Epkydatia,  Spongilla,  Euspongia. 
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CHAPTER  V 
Introduction  to  the  Coelomata 

The  last  two  groups  of  animals  studied,  although  very  different 
from  one  another  in  luost  respects,  yet  ^ree  in  this  that  the 
groundwork  of  their  structure  is  a  set  of  tubes  branched  in  dif- 
ferent ways  and  with  wails  of  varying  thickness  but  consisting 
always  of  two  layers  with  an  intervening  jelly.  It  would  not  be 
straining  the  truth  to  assert  that  in  the  Coelenterata  and  the 
Porifera  we  tind  but  two  tissues,  an  outer  more  or  less  differentiated 
akin  —  the  ectoderm  with  the  underlying  jelly,  —  and  an  inner  layer 
mainly  digestive  in  function. 

The  phyla  which  are  next  to  be  considered,  and  which  may  be 
grouped  together  under  the  name  Coelomata,  differ 
"""■  from  the  two  mentioned  above  in  the  possession  of 
an  important  organ  termed  the  coelom  (Gr.  KOiXwua,  a  thing 
hollowed  out).  This  is  often  described  as  a  space  intervening 
between  the  ectoderm  and  endoderm,  and  the  term  coelomic 
cavity  or  body  cavity  has  been  used  to  describe  it.  In  spite  of 
the  etymological  difficulty  we  propose  in  the  following  pages  to  deal 
with  this  organ  under  the  term  coehm,  and  its  cavity  under  the 
term  coelomic  cavity.  In  reality  it  consists  of  one  or  more  pairs  of 
sacs  with  perfectly  defined  walls  lying  at  the  sides  of  the  endo- 
dermic  tute.  In  the  adult  these  saos  join  each  other  above  and 
l>elow  the  endoderm,  and  the  adjacent  walls  entirely  or  partly  break 
down,  and  thus  one  continuous  cavity  results.  The  wall  of  the 
coelom  and  the  tissues  derived  from  it  are  known  as  the  mesoderm. 
To  describe  the  coelom  as  a  split  or  space  is  to  describe  it  negatively : 
with  as  much  justice  the  endodermic  tube  might  be  described  as  a 
split.     In  each  case  the  real  object  of  consideration  is  the  wall. 

If  we  leave  out  of  account  eases  in  which  the  facts  of  developo- 
ment  have  not  been  fully  elucidated  and  confine  our  attention  to 
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those  instances  where  the  whole  history  of  the  coelom  has  been 
exhaustively  worked  out,  we  find  that  this  important  organ  arises 
in  one  of  two  ways,  either  (1)  by  the  forroation  of  pouches  of  the 
endodermic  tube,  which  become  nipped  off  (Fig-  38) ;  or  (2)  by 
the  budding  of  two  large  cells,  formed  themselves  by  budding  from 
the  endoderm  (Fig.  39),  these  cells  subsequently  growing  rapidly 
and  dividing  so  as  to  form  bands,  the  so-called  germinal  bands, 
which  subsequently  become  hollowed  out.  These  initial  cells  are 
termed  pole-cells. 


Fig.  3B.  ITiree  transverse  sections  through  a  deifelopiug  Amphioxiis  to  show 
origin  of  mtieoblaet  from  enilodermal  pouches  x  435.    From  Hatschek. 

The  ectoderm  is  deeply  ahaded,  the  mesoderm  is  lightly  shaded,  ibe  endoderm 
—  alimentary  canal  and  notochord  —  is  unshaded.  A.  shows  the  origin 
of  the  paired  mesodermal  pouches  from  the  archentcron  ;  the  cavity  — 
coelomgc  —  of  the  former  is  still  in  commmiication  with  the  cavity  of  the 
alimentary  canal.  The  notochord  Is  arising  In  the  middle  line  from  the 
endoderm,  and  the  tubular  nervous  system  above  it  is  already  separated 
from  the  ectoderm.  B.  shows  tba  mesodermal  pouches  eoniplelely  shut  off ; 
they  each  enclose  a  cavity,  the  coelom,  and  each  consists  of  an  outer  wall 
next  the  ectoderm,  tbe  'somalopleur,'  and  an  inner  wall  next  the  endoderm, 
the  'splanclmopleur.'  C.  shows  the  mesodermal  pouches  extending  ven- 
trally  beneath  the  notochord,  now  completely  separated  from  the  wall  of 
the  alimentary  canal,  and  also  round  the  alimentary  canal.  The  coelomic 
apace  is  larger,  and  the  splanchnoplenr  is  beginning  t4i  foi-m  muscle-cells. 

A  sharp  controversy  has  raged  round  the  question  which  of 
these  two  processes  gives  us  the  best  representation  of  what 
occurred  in  the  evolution  of  Coeloraata  from  simpler  Coelenterata- 
like  ancestors. 

If  however  we  recall  the  fact  that  in  the  Actinozoa  the  endo- 
dermic safi  has  the  form  of  a  series  of  pouches  ranged  round  a 
central  cavity,  and  that  the  walls  of  these  pouches  become  con- 
verted into  muscles  and  generative  cells  exactly  as  in  the  case  of 
the  coelom,  and  that  pores  exist  in  many  cases,  placing  the  cavity  of 
these  pouches  in  communication  with  the  outside  world,  we  shall 
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be  induced  to  conclude  that  the  coeloin  was  probably  evolved  from 
lateral  pouches  of  the  gut  and  that  the  mesoderm  is  therefore 
derived  from  the  primitive  endoderm.  Where  pole-cells  occur  the 
cavity  of  the  alimentary  canal  is  small  in  proportion  to  the  thickness 
of  its  wall,  and  the  pole-cell  might  be  looked  on  as  a  solid  pouch. 


Fio,3 
1 

The  ectoderm  cells  are  deeply  Bbaded,  the  endoderm  cells  are  unshaded. 
A.  Youug  stage  in  which  the  endoderm  haa  not  begun  to  be  invaginated ; 
it  is  a  lateral  optical  section.  B.  Older  stage,  optical  section  seen  in 
front  view ;  the  endoderin  cells  are  invagiuatitig,  and  the  two  mesoderm 
cells  are  seen  on  eacii  side.  1.  Mesoderm  or  pole-cells;  in  B,  each  has 
budded  off  another  mesoderm  cell. 

In  most  Coelomata  the  mesoderm  forms  by  far  the  greatest 
portion  of  the  body,  and  it  may  be  roughly  stated  that  the  meso- 
derm gives  rise  in  the  fully  develo[>ed  animal  to  "the  muscles, 
the  bones,  the  connective  tissue,  botii  arteries  and  veins,  capillaries 
and  lymphatics,  with  their  appropriate  epithelium,"  and  to  the 
excretory  and  generative  organs. 

In  the  Porifera  and  in  the  more  complex  Coelenterata,  where 
the  tliin  structureless  lamella  of  Hydra  has  swollen  into  a  bulky 
mass  of  jelly  such  as  we  find  in  a  Medusa,  cells  begin  to  wander 
into  it  from  the  ectoderm,  and  thus  a  kind  of  tissue  is  formed  to 
which  the  name  mesoderm  has  unfortunately  been  applied.  We 
see  that  its  origin  and  nature  are  quite  different,  although  Iwth  in 
Sponges  and  Coelenterata  it  may  give  rise  to  the  skeleton,  and  in 
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this  respect  at  least  it  may  be  regarded  as  a  foremniier  of  the  true 
mesoderms. 

The  endoderm,  after  the  separation  from  it  of  the  mesoderm, 
forms  the  lining  epithelium  of  the  digestive  tube  aud  of  its  ap- 
pendages, which  in  the  higher  Vertebrata  are  the  organs  known  as 
lungs,  liver,  pancreas,  and  bladder.  The  basis  of  the  skeleton  of 
Vertebrata,  the  gelatinous  rod  called  the  notochord,  also  arises 
from  it. 

In  Coelentemta  there  ia  one  opening  only  to  the  digestive  sac, 
which  is  used  both  as  a  mouth  to  take  in  food  and 
AUncntaiy  jjg  anus  to  cast  out  indigestible  material.  In  the 
overwhelming  majority  of  the  Coelomata  there  is  a 
second  opening,  the  anus,  the  mouth  being  restricted  to  the 
function  of  taking  in  food.  As  a  consequence  the  digestive  sac 
takes  the  form  of  a  tube  open  at  both  ends,  and  ia  known  in  the 
higher  groups  as  the  alimentary  canal.  Often  this  eudodennie 
tube  ia  much  longer  than  the  ectoderm,  and  so  in  oi^der  to  be  con- 
tained in  the  bounds  of  the  ectoderm  it  has  to  be  bent  and  looped 
on  itself. 

Bound  both  mouth  and  anus  the  ectoderm  is  generally  tucked 
in,  ao  as  to  form,  as  it  were,  vestibules  to  the  true  alimentary  canal. 
Of  these,  the  ectodennic  vestibule  to  the  mouth  is  called  the 
stomodaeum,  and  is  found  amongst  the  Actinozoa,  where  it  has 
been  already  described.  The  proctodaeumis  the  term  applied  to 
the  vestibule  around  the  anus.  Although  not  strictly  parts  of  the 
alimentary  canal,  stomodaeum  and  proctodaeum  are  usually  included 
in  descriptiona  of  it,  and  indeed  in  some  cases  —  Crustacea  —  they 
form  by  far  the  greatest  portion  of  the  apparent  digestive  tube. 

The  internal  anatomy  of  the  lower  animals  was  first  studied  by 
physicians  and  others  who  were  primarily  interested  in  human 
anatomy.  An  unfortunate  consequence  is  that  a  large  number  of 
names  are  used  in  the  description  of  aimpler  animals,  which  are 
based  on  fanciful  resemblances  between  their  organs  and  those  of 
man.  As  a  consequence  many  of  these  names  are  quite  misleading. 
To  give  some  instances:  the  word  stomach  in  the  Lobster  denotes 
part  of  the  stomodaeum,  in  the  Vertebrata  it  signifies  part  of  the 
endodermic  tube.  The  pharynx  of  an  earthworm  is  the  stomo- 
daeum, in  a  fish  it  includes  both  stomodaeum  and  the  first  part  of 
the  endodermic  tube.     The  term  1  iver  has  also  been  much  abused. 

The  names  taken  from  the  anatomy  of  the  higher  animals 
which  are  customarily  used  in  the  description  of  the  alimentaiy 
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canal  are  as  follows:  mouth-  or  buecal-oavity,  pharynx, 
oesophagus,  stomach  or  ovop,  gizzard,  intestine,  and 
rectum.  They  ?re  applied  generally  to  parts  of  it  succeeding 
one  another  in  the  order  above  given.  The  significance  of  these 
will  be  explained  in  each  cage :  it  would  perhaps  be  more  logical  to 
sweep  away  altogether  these  and  a  host  of  similar  terms  employed 
to  designate  other  parts  of  the  body,  but  so  deeply  are  they 
engrained  in  zoological  literature  that  such  a  course  would  render 
unintelligible  most  anatomical   descriptions   of   species  that  we 


Besides  forming  the  outer  layer  of  the  skin  or  epidermis  of 
the  animal  and  the  stomodaeum  and  proctodaeum,  the  ectoderm 
gives  rise  to  the  brain  and  nervous  system,  and  to  the  essential 
cells  of  the  sensory  organs. 

In  the  group  Coelenterata  a  general  circular  outline  of  the  body 
predominates,  the  principal  external  organs  being 
^'""g^*"*  arranged  like  the  spokes  of  a  wheel  around  the 
mouth  as  a  centre.  Such  an  arrangement  is  spoken 
of  as  a  radial  symmetry,  and  is  in  all  probability  connected  with 
the  fixed  life  so  common  amongst  Coel en te rates,  a  condition  of 
affairs  which  renders  it  advantageous  to  have  organs  developed  so 
as,  to  use  a  familiar  phrase,  to  be  on  the  look-out  all  round. 

The  free-swimming  Medusae,  it  is  true,  move  always  with  the 
apex  of  the  bell  directed  forwards,  but  as  has  been  pointed  out  (see 
p.  55)  they  are  to  be  regarded  as  specially  modified  hydroids,  and 
they  have  not  modified  the  radial  symmetry  so  deeply  impressed  on 
them  by  the  habits  of  ancestral  Coelenterata. 

In  the  higher  groups  of  animals  there  is  usually  one  fixed  part 
of  the  body  which  moves  first  when  the  animal  changes  its  jjosition ; 
and  when  such  a  portion  is  definitely  set  aside  to  move  first  we  can 
distinguish  the  front  end  of  the  animal  from  the  hind  end.  It  is 
usual  to  term  the  former  the  head  or  anterior  end  and  the  latter 
the  posterior  end,  and  when  an  organ  such  as  a  man's  arm  lies 
nearer  the  anterior  end  (head)  than  another,  as  for  instance  hia  leg, 
we  say  the  former  is  anterior  to  the  former,  and  that  the  latter, 
i.e.  the  leg,  is  posterior  to  the  former,  i.e.  the  arm.  In  describing 
the  parts  of  an  appendage  such  aa  the  arm  it  is  usual  to  speak  of 
the  part  nearest  the  base  of  attachment  as  proximal  and  the  part 
further  away  as  distal. 

Corresponding  with  the  appearance  of  the  head  as  distinct 
from  the  rest  of  the  body,  which  is  in  contradistinction  termed  the 
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trnnk,  ve  find  a  difference  arising  between  the  surfaces  of  tlie 
body.  With  few  exceptions  animals,  whether  creeping,  swimming, 
flying  or  walkiag,  keep  the  same  surface  turned  towards  the  earth. 
This  lower  surface  is  termed  the  ventral  (Lat.  venter,  belly), 
whilst  the  upper  surface  or  back  is  termed  the  dorsal  (Lat. 
dorsum,  back).  As  a  rule  the  difference  in  their  relationship  to 
their  surroundings  induces  a  difference  iu  the  aspect  of  these  two 
surfaces,  and  it  is  seldom  difficult  to  determine  which  is  the  ventral 
and  which  the  dorsal  surface  of  the  body.  As  a  general  rule  the 
ventral  surface  of  an  animal  is  much  lighter  in  colour  than  the 
dorsal.  In  uiostCoelomatathe  nervous  system  is  for  the  most  part 
ventral,  the  chief  blood-vessel  dorsal,  but  in  the  Vertebrata  the 
reverse  is  the  case.  In  both  the  alimentary  canal  lies  between  the 
chief  blood-vessel  and  the  main  nervous  system. 

The  two  sides  of  an  animal,  the  right  and  left,  are,  however, 
exposed  to  much  the  same  conditions  and  as  a  rule  resemble  each 
other  very  closely.  When  this  is  the  case  an  animal  is  termed 
bilaterally  symmetrical,  and  it  may  then  be  divided  in  one 
plane — and  in  one  plane  only  —  in  such  a  way  that  each  half  forms 
a  reflex  image  of  the  other,  such  as  we  should  see  if  we  held  half 
the  animal  up  to  a  looking-glass.  This  bilateral  symmetry  may 
extend  to  all  the  internal  organs,  as  it  does  in  an  earthworm  or 
a  crayfish,  or  it  may  be  confined  to  the  external  features  and  some 
of  the  internal  organs  only,  as  in  insects  or  in  most  vertebrates, 
where  the  coiling  of  the  alimentary  canal,  etc.,  interferes  with  the 
bilateral  symmetry  of  the  internal  organs. 

In  some  animals,  and  these  are  tor  the  most  part  sucli  as  move 
sluggishly  or  have  become  permanently  attached  to  some  sub- 
stratum and  do  not  move  at  all,  this  bilateral  symmetry  has  been 
lost  and  the  two  sides  do  not  resemble  one  another.  Such  animals 
are  called  asymmetrical.  The  Snail  is  a  familiar  example  of 
such  asymmetry.  Amongst  the  Eehiuodermata  (Stai'-fish  and  Sea- 
urchins)  this  asymmetry  is  replaced  by  a  radial  symmetry. 
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Phylum  Annelida 

The  name  Annelida  (Lat.  annulus,  a  ring)  means  ringed,  and 
refers  to  the  fact  that  the  bodies  of  the  creatures  grouped  under 
this  name  are  built  up  of  a  series  of  parts  more  or  less  resembling 
each  other  placed  one  behind  another.  This  division  of  the 
botly  into  more  or  less  similar  parts  is  called  segmentation; 
each  part  is  called  a  segment  (or  somite),  and  the  animal  is 
said  to  be  segmented.  Like  the  symmetry,  the  segmentation 
may  be    merely   external,    or   may    affect   both   the   exterior  and 

a  greater  or  less  number  of  the  internal  organs. 
ejraeD  ■  .  g^,„,etimes,  however,  as  in  the  case  of  the  longer 
half  of  an  earthworm's  body,  the  segmentation  aifects  all  the 
organs,  and  the  likeness  of  one  segment  to  another  is  so  great  that 
it  would  be  impossible  to  say  what  part  of  the  body  any  given 
isolated  segment  was  taken  from.  More  often,  however,  one  or 
another  of  the  organs  of  the  body  differs  in  shape  or  size  in  suc- 
cessive segments,  and  this  is  the  case  with  the  internal  organs  of  the 
first  twenty  segments  of  the  earthworm's  body,  so  that  if  these  seg- 
ments were  all  separated  it  would  not  be  very  difficult  to  place 
them  together  in  their  natural  order. 

If  we  take  an  earthworm  and  kill  it  by  placing  it  in  alcohol  for 

a  few  minutes  and  examine  it  carefully,  we  shall  see 
ThcE^tth.  that  the  body  is  composed  of  some  150  rings,  each 
temai  fentuiea.  0^  which  corresponds  with  a  segment.    The  rings  are 

separated  from  one  another  by  slight  grooves.  At 
each  end  of  the  body  there  is  an  opening,  the  mouth  (2,  Fig,  40) 
in  front  and  the  anus  (3,  Fig.  40)  behind.  Besides  these,  two 
slit-like  pores  with  rather  swollen  lips,  situated  on  the  under  sur- 
face of  the  fifteenth  segment  (5,  Fig.  40),  may  be  seen.  These 
are  the  pores  through  which  spermatozoa  are  discharged,  and 
are  consequently  known  as  the  male  genital  openings.     The 
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other  openings  into  the  body  are  minute  and 
require  the  aid  of  a  lens  to  make  them  out. 
There  are  paired  openings  on  each  segment, 
except  the  first  three  and  the  last,  situated 
latere- ventral ly  ;  these  are  the  openings  of  the 
tubes  known  as  nephridia  {Gr.  vt<t>pi&tQv,  a 
little  kidney),  which  act  as  kidneys;  in  addi- 
tion to  these  a  median  dorsal  pore  o])ening  into 
the  body-cavity  is  situated  in  each  groove  behind 
the  tenth  segment  (11,  Fig.  44).  The  earthworm 
is  hermaphrodite,  that  is,  it  contains  both 
male  and  female  organs  in  its  body.  Through 
two  slit-like  ojwnings  in  the  ventral  surface  of 
the  fourteenth  segment  the  eggs  are  discharged : 
these  are  called  the  female  generative 
openings.  Two  pairs  of  ponches  called 
sperinathecae,  which  are  reservoirs  for  sper- 
matozoa received  from  another  worm  (v.  p.  99), 
oj)en,  one  pair  between  the  ninth  and  tenth, 
the  other  between  the  tenth  and  eleventh 
segments,  all  on  the  ventral  surface. 

If  aworm  killedin  alcohol  be  drawn  through 
tlie  fingers  a  certain  roughness  may  be  felt 
along  the  aides  and  lower  surface.  This  rough- 
ness is  due  to  the  presence  of  a  number  of  small 
bristles,  called  chaetae  (Gr.  x'"'^?.  hair),  which 
project  from  the  body  (7,  Fig.  40,  and  Fig.  43). 
Each  segment  bears  eight  of  these  chaetae  ar- 
ranged in  four  pairs,  one  pair  on  each  side  being 
lateral  and  the  other  nearer  the  ventral  middle 
line.  It  is  by  means  of  the  chaetae  that  the  worm 
crawls  about;  since  by  protruding  the  chaetae 
and  implanting  them  in  the  soil  a  lixed  point 
is  obtained  from  which  the  anterior  end  of  the 

Fio.  40.  Latere- venlral  view  of  Lumbricut  lerreslrii, 
Bli)[)itly  amaller  thnn  life-size.  From  llatsclielc 
and  Cori, 

1.  pToetOTnium.  2.  Mouth.  3.  Anua.  4.  Opening 
of  oviduct.  6.  Opening  of  vm  deferens.  0.  "Geni- 
tal choet&e.   7.  Lateral  and  ventral  pairs  of  chaetae. 
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body  can  be  pushed  forward  and  to  which  the  hioder  end  of  the 
body  can  be  drawn  up. 

The  colour  and  thickness  of  the  body  from  the  thirty-second  to 
the  thirty -seventh  segment  differ  in  adult  worms  from  those  of  the 
segments  which  lie  before  and  behind  this  band.  This  is  due  to 
the  presence  in  this  region  of  certain  ectodennal  glands  whose  secre- 
tion forma  the  cocooua  in  which  the  eggs  are  laid.  This  region  of 
the  body  is  called  the  CliteHum  (xxxii — xxxvii,  Fig.  40). 

The  surface  of  the  body  of  an  earthworm  is  glistening  and 
somewhat  slippery.  This  is  due  to  the  cuticle,  which  is  a  thin 
membrane  secreted  by  the  ectoderm  cells  of^tEe  skin;  if  a  dead 
earthworm  be  soaked  in  water  for  a  few  hours  the  cuticle  can  be 
easily  stripped  off  the  body.  In  the  crayfish,  insects,  etc.,  a  similar 
cuticle  is  present,  but  it  is  much  harder  and  forms  an  external 
protective  skeleton;  even  in  the  earthworm,  where  it  is  soft,  it  acts 
as  a  protection  to  the  underlying  cells,  and  its  smooth  surface 
enables  the  worm  to  creep  into  narrow  holes,  without  hindrance. 
The  chaetae  are  simply  large  local  thickenings  of  the  cuticle :  they 
pi-otrude  from  pockets  called  chaeta-sacs,  each  of  which  is  a 
portion  of  the  ectoderm  tucked  in.  In  the  bottom  of  each  sac  is  a 
specially  large  cell  which  rapidly  secretes  a  column  of  cuticle  and 
builds  up  the  chaeta. 

If  we  cut  through  the  skin  of  an  earthworm  we  do  not  make 
our  way  into  the  cavity  of  the  alimentary  canal  but 
^i^my  '"*''  ^^^  coelomic  cavity,  in  which  not  only  the 
alimentary  canal  but  the  blood-vessels,  kidneys,  re- 
productive organs,  apparently  lie.  The  relation  of  the  alimentary 
canal  to  the  body-cavity  might  be  roughly  represented  by  introducing 
a  piece  of  glass  tubing  loosely  into  an  india-rubber  pipe.  The 
alimentary  canal  would  be  represented  by  the  glass  tube  and  the 
body-cavity  by  the  space  between  the  glass  and  the  india-rubber. 

The  coelomic  cavity  is  a  very  important  feature  in  all  the  higher 
animals;  it  may  become  very  reduced,  as  in  the  Arthropods,  but  it 
is  always  present,  although  it  may  not  at  first  sight  be  easy  to  rec- 
ognise. There  are,  however,  certain  features  which  it  always 
presents :  (i)  it  always  possesses  a  proper  wall,  never  being  a  mere 
slit  intervening  between  various  organs,  and  it  is  always  surrounded 
by  mesoderm ;  (ii)  its  walls  give  rise  to  the  cells  which  form  the 
reproductive  cells;  (ill)  the  kidneys,  which  are  primitively  tubes 
with  op^n  ends,  open  into  it. 

There  is  no  difficulty  in  recognising  the  body-cavity  of  an  earth- 
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worm.  It  is  comparatively  spacious,  and  is  divided  by  a  series 
of  partitions  into  a  number  of  chambers  which  correspond  in  num- 
ber and  position  with  the  segments  of  the  body.  These  partitions 
or  septa  (8,  Fig.  41)  ape  pierced  by  the  alimentary  canal,  the 
nervous  system  and  blood-vessels ;  they  are  not  complete  but  are 
provided  with  holes  so  that  the  space  in  one  segment  ia  not  shut 
off  from  the  spaces  in  the  neighbouring  segments.  Fundamentally, 
in  Annelida  the  body-cavity  consists  of  a  series  of  pairs  of  sacs 
interposed  between  the  akiit  (ectoderm)  ajid  the  gut-wall  (endo- 
derm)  ;  there  is  in  the  embiyo  a  pair  in  each  segment,  but  the  walls 
of  these  come  into  contact  alxive  and  below  the  alimentary  canal 
and  then  break  down,  so  that  the  cavities  of  the  right  and  left  sacs 
open  into  one  another  and  a  ring-shaped  space  results.  This  si)ace 
has  distinct  inner  and  outer  walls  of  its  oWn  which  are  known  col- 
lectively as  the  peritoneum  (Gr.  wtpi,  around ;  tomk,  a  stretched 
band).  ~~ 

The  septa  are  formed  where  the  adjacent  walls  of  two  sacs, 
placed  one  behind  the  other,  come  in  contact.  If  this  description 
of  the  relations  has  been  followed  it  will  be  seen  that  the  coelom 
in  the  adult  consists  of  a  series  of  ring-shaped  spaces,  and  that  the 
alimentary  canal  is  not  truly  in  the  coelom  nor,  it  may  be  added, 
is  the  nervous  system  or  the  blood-system. 

Like  all  similar  spaces  in  animals  the  body-ca\-ity  of  an  earth- 
worm contains  a  fluid,  and  in  this  fluid  certain  cells  float,  which 
change  their  shape  as  an  Amoeba  does,  and  hence  are  called 
amoebocyteg.  As  a  rule  the  body-cavity  is  completely  shut  off 
from  the  outside  world,  but  in  the  earthworm  it  opens  to  the  exte- 
rior by  means  of  the  dorsai_pp_re_B  (11,  Fig.  44),  and  at  times  the 
fluid  which  it  contains  escapes  through  these  holes  and  pours  over 
the  cuticle.  This  fluid  has  a  certain  poisonous  action  on  bacteria, 
and  helps  to  keep  the  outside  of  the  body  clean  and  free  from  para- 
sites. Somewhat  similar  pores  leading  from  the  exterior  to  the 
body-cavity  are  found  in  certain  fishes. 

At  the  anterior  end  of  the  liody  there  is  a  lobed  lip  which  over- 
hangs the  mouth,  termed  the  prostomium  (1,  Fig.  43) ;  beneath 
it  is  a  somewhat  crescent-shaped  mouth  leading  into  an  oral  cavity, 
which  extends  through  three  segments  (Fig.  41).  There  are  no 
teeth  in  this  cavity,  and  the  food  is  probably  sucked  in  by  the  action 
of  the  muscular  stomodaeum,  called  the,£harynx,  which  succeeds 
it  and  reaches  back  to  the  sixth  or  seventh  segment.  This  is  fol- 
lowed by  the  true  endodermic  tube.    The  first  part  is  narrow,  and 
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is  called  the  oesophagus ;  it  reaches  to  the  twelfth  segment  and 
has  three  pairs  of  lateral  pouches  developed  on  its  walla.     These 
pouches  secrete  calcareous  i)artic]e3,  ajid  hence  are  termed_calc.Lf- 
erouB  glands.    The  oesophagus  dilates  behind  into  a  thin-walled 
sac,  called  the  crop,  situated  in  the  region  of  segments  thirteen  to 
sixteen,  and  this  is  sejiarated  by  a  groove  from  a  thick-walled  sac, 
with  hard,  horny  walls,  termed  the  gizzard,  which  extends  to  about 
the  twentieth  segment.    The  exact  segment  in  which  the  above- 
mentioned  parts  of  the  alimentary 
canal  lie  raries  with  the  amount 
of  food  tliey  contain,  the  septa 
which  are  pierced  by  them  being 
stretched   forward  or  backward 
according  to  their  st^teof  fulness 
or  emptiness. 

He  hind  the  twentieth  segment 
the  intestine  stretches  without 
change  to  the  anus.  It  is  a  thin- 
walled  tube,  supported  by  the 
septa  between  each  segment  and 
,  swelling    out    slightly    in    each 

segment,  so  that  it  presents  an 
ontline  like  a  string  of  beads. 
A  deep  fold,  called  the  typhl^ 
sole(Gr.  ru^Xo's,  blind;  aaiki^v, 
i~giitter),  runs  along  the  upjwr 
surface  of  the  intestine,  projects 
ing  into  its  cavity.  Its  presence 
causes  the  wall  of  the  intestine  to 
be  ]nished  in,  and  thus  the  inter- 
nal absorbing  portion  is  increased 
(7,  Fig.  42).  The  intestine  iscov- 
ered  everywhere  by  a  number  of 
cellsof  a  yellow  colour.  These 
form  the  inner  wall  of  the  coe- 
lomic  sac  and  are  actively  en- 
gaged in  excretion. 

The  exact  part  that  each  of 
the  above-mentioned  parts  of  the  alimentary  canal  plays  in  digestion 
is  not  thoroughly  understood.  The  pharynx  helps  to  take  foot!  in 
by  a  sucking  action  which  is  caused  by  the  contraction  of  the 


Fig.  41.  Anterior  view  of  tlie  In- 
ternal orinuiH  of  an  Eartliwunn, 
Lvmhricnutrrrpstriii.  Slightly  mag- 
nilied.     From  Haiacliek  and  Cori. 

1.  Ceniral  ganglion  or  brain.  2. 
Muscular  pharynx.  3.  Uesopha- 
gus.  i.  Crop,  5.  Muscular  f\z- 
zai^.  6.  lntt!8tine,  7.  Xephr[dia 
(the  reference  lines  do  not  quite 
i«ach  the  nephridia).  S.  Septa. 
0.  Dorsal  blood-vessel. 
Hearts.  11.  Spermatlieoae. 
Vesiculae  seminal  is. 
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muscles  miming  from  it  to  the  body-wall,  resulting  in  an  enlarge- 
ment of  the  cavity  of  the  pharynx,  so  that  food  may  pass  in  by 
atmospheric  presaure.  The  food  passes  down  the  oesophagus, 
being  propelled  by  a  series  of  contractions  of  the  walls  of  the 
alimentary  canal  which  push  it  along;  on  its  passage  it  is  mixed 
with  the  secretions  of  the  calciferons  glands.  The  crop  serves 
as  a  resting-place  in  which  the  food  accumulates  befoi'C  passing  into 
the  gizzard.  The  hard,  horny  walls  of  the  last-named  chamber  help 
to  grind  up  the  food  and  render  it  fit  for  the  action  of  the  juices 
which  digest  it.  The  process  of  digestion,  or  the  rendering  of  the 
food  soluble,  probably  takes  place  in  the  intestine,  and  through  the 
walls  of  this  portion  of  the  alimentary  canal  the  soluble  products  of 
digestion  soak,  and  are  taken  all  over  the  body  by  the  blood-vessels 
and  probably  also  to  some  extent  by  the  fluid  in  the  coelom. 


Fia.  42.  Six  BegmentB  from  the  inl^Btinal  reirion  of  an  Earthworm,  Lumbricm 
terreelris,  dissected  to  sbuw  arrangement  of  parts.  Magnified.  1^'rom 
Hatschelc  and  Corl. 

1.  Septa.  2.  Nephrldia.  3.  Ventral  nerve-cord.  4.  Sub-neural 

blood-vessel.  6.    Nephroatomes,  internal  funnel-shaped  openinp  of 

nephridia.  6.  Intestine.  7.  Typhlosole.  8.  Circular  blood -veesels. 
£>.  Ventral  or  sub.intestinal  blood-vessel.  10.  Dorsal  blood-vessel. 

The  series  of  contractions  which  squeeze  the  food  onwards 
towards  the  anus  are  known  as  peristalsis;  they  constitute  the 
sole  movements  of  which  the  alimentary  canal  is  capable  and  are 
carried  out  by  muscles  developed  from  the  cells  of  the  inner  wall 
of  the  coelom,  which  pass  round  the  canal  like  a  series  of  rings 
or  tight  india-rubber  bands. 
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The  earthworm    eats  earth  and    manages   to  find    sufficient 

nourishment  for  its  needs  in  the  small  amount  of  organic  matter, 
broken-down  debris  of  leaves,  etc.,  which  is  contained  in  the  earth. 
The  actual  minerals  of  the  earth  are  not  digested  but  are  passed 
out  of  the  body  in  the  form  of  those  coiled  and  thread-like  castings 
which  are  so  commonly  seen  on  a  lawn  iu  the  early  morning. 
Earthworms  also  eat  fallen  leaves,  and  to  this  end  they  drag  the 
leaf-stalks  into  their  burrows,  and  on  autumn  mornings  it  is  a 
common  sight  to  see  lawns  studded  with  the  stalks  of  horse- 
chestnut  leaves  or  the  needles  of  fir  trees,  the  stalks  having  been 
dr^ged  a  little  way  into  the  burrows  by  the  worms.  It  is  thus  clear 
that  the  earthworm  is  of  great  use  as  an  agricultural  agent  The 
burrows  that  they  make  admit  both  air  and  rain  to  the  deeper  layers 
of  the  soil,  and  the  earth  which  they  swallow  in  their  burrows  is 
brought  to  the  surface  and  spread  about  iu  the  form  of  castings. 
This  is  carried  on  to  such  an  estent  that  the  whole  surface  of  the 
soil  soon  becomes  covered  by  a  layer  of  earth  brought  up  from 
below. 

The  dark  streak  which  runs  along  the  body  of  the  worm  from 
bead  to  tail  in  the  middle  line  is  caused  by  the  dorsal  blood- 
vessel (10,  Fig.  42),  in  which  the  blood  flows  forward.  A  parallel 
sub-intestinal  vessel  in  which  the  blood  flows  backwards  under- 
lies the  intestine,  and  a  third  but  smaller  vessel,  the  sub-neural,  lies 
still  more  ventrally  under  the  nerve-cord.  The  dorsal  vessel  receives 
blood  from  the  yellow  cells  covering  the  intestine  by  two  pairs  of 
minute  vessels  in  each  segment,  and  anteriorly  it  breaks  up  into  a 
network  of  small  vessels  which  branch  over  the  pharynx.  But  by 
far  the  larger  part  of  the  blood  from  this  vessel  passes  into  the  sub- 
intestinal  vessel  by  means  of  five  pairs  of  loops,  called  hearts, 
situated  in  the  seventh,  eighth,  ninth,  tenth,  and  eleventh  segments 
(10,  Fig.  41).  E^ch  pair  of  these  hearts  encircles  the  oesophagus, 
and  contracts  at  regular  intervals  from  above  downwards.  Their 
contractility  has  suggested  the  name  heart.  As  they  pass  from 
the  dorsal  vessel  into  the  sub-intestinal  the  effect  of  their  con- 
tractions is  to  drive  the  blood  which  is  passed  forward  on  the  dorsal 
side  of  the  animal  into  the  ventral  system,  whence  it  passes  toward 
the  tail.  These  contractile  hearts  thus  take  a  large  share  in  main- 
taining the  circulation  of  the  blood.  The  sub- intestinal  vessel 
gives  off  a  special  vessel  in  each  segment  to  the  nephridia,  and  the 
blood  which  is  purified  in  these  organs  is  returned  to  the  dorsal 
vessels  by  another  series  of  vessels.     The  dorsal  vessel  and  the 
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eub-nearal  vesael  are  put  into  communication  in  each  segment  by 
two  lateral  vessels  which  lie  on  the  outer  side  of  the  coelom 
and  which  receive  numerous  small  vessels  from  its  substance. 

All  the  blood-vessels  are  for  the  most  part  merely  chinks  between 
the  coelomic  wall  on  the  one  hand  and  the  ectoderm  and  endoderm 
on  the  other.  Those  described  are  merely  the  larger  channels  in  a 
continuous  network  of  spaces.  The  contractile  power  which  some, 
like  the  hearts,  dorsal  vessel,  and  sub-intestinal  vessel,  possess 
is  due  to  the  presence  of  a  special  wall  of  muscular  cells  derived 
from  that  part  of  the  coelomic  wall  which  lies  next  them. 

The  earthworm  is  the  first  animal  that  we  have  studied  possess- 
ing a  distinct  and  well-marked  body-cavity ;  it  is  also  the  first  in 
which  we  find  a  distinct  blood-system.  In  the  Coelenterata  the 
cavity  in  which  digestion  is  carried  on  permeates  the  body  in  all  di- 
rections, and  the  soluble  products  of  digestion  are  never  far  from 
the  tissues  or  cells  which  may  need  them.  But  in  the  earthworms 
the  alimentary  canal  is  a  straight  tube  separated  from  a  number 
of  the  other  systems  of  organs  by  a  space  or  coelomic  cavity,  and 
hence  a  vascular  system  is  of  great  use  in  conveying  the  digested 
products  to  where  they  are  most  needed.  Thus  the  blood  serves  to 
take  up  the  nutriment  from  the  intestine  and  distribute  it  to  all  the 
active  cells  in  the  body.  The  blood  is  also  the  medium  by  which  the 
waste  products  resulting  from  katabolism  are  collected  and  taken  to 
the  appropriate  structui-es  whose  duty  it  is  to  separate  them  from 
the  blood  and  cast  them  out  of  the  body  of  the  animal.  Amongst  the 
products  which  do  not  cootain  nitrogen  the  most  important  is 
carbon  dioxide,  which  is  carried  by  the  blood  to  the  skin  and  got 
rid  of  through  the  ectoderm,  at  the  same  time  as  the  oxygen 
needed  for  respiration  is  absorbed. 

In  the  Vertebrata  the  excretion  of  the  waste  nitrogenous 
material  is  performed  by  a  pair  of  compact  organs,  the  kidneys, 
In  the  earthworm  this  function  is  carried  out  by  the  nephridia, 
which  fundamentally  resemble  the  tubules  composing  the  kidney  of 
Vertebrates,  but  are  not  compacted  into  a  solid  organ.  They  are 
distributed  throughout  the  body,  one  pair  being  situated  in  each 
segment,  except  the  last  segment  and  the  first  three,  which  have 
no  nephridia  (7,  Fig.  41,  and  2,  Fig.  42).  Each  nephridium  is  a 
minute  tube,  opening  at  one  end  on  to  the  surface  of  the  worm 
near  the  outer  cbaetaof  the  more  ventral  pair,  and  at  the  other  end 
into  the  body-cavity.  This  inner  opening  or  nephroatomj  has 
cilia  on  its  funnel-shaped  rim,  apd  these  flickeFwith  an  untiring 
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movement.  The  nephrostome  does  not  lie  in  the  same  segment  as 
tlie  rest  of  the  tube  but  pierces  the  anterior  septum,  and  projects 
into  the  cavity  of  tlie  segment  in  front,  somewhere  near  the  sub- 
intestinal  vessel.  Thus  each  se^ent  contains  a  funnel-shaped 
opening  and  a  tube  which  opens  externally,  but  they  do  not  belong 
to  the  same  nephridium.  The  tube  is  not  straight  but  is  coiled 
and  lies  as  a  white  glistening  tangle  close  to  the  muscular  body- 
wall.  Each  nephridium  is  to  be  regarded  as  a  portion  of  the 
coelomic  sac  into  which  it  opens  internally.  It  is,  so  to  speak,  a 
tail  of  this  sac  which  projects  backwards  into  the  next  one —  not, 
of  course,  piercing  it,  but  indenting,  so  to  speak,  its  anterior  wall. 

When  we  examine  a  nephridium  through  a  microscope  we  see 
that  the  walls  of  tiie  tube  are  very  richly  supplied  with  minute 
blood-vessels,  and  we  may  be  able  to  make  out  that  a  large  part  of 
the  tube  is  lined  with  well-marked  glandular  cells.  It  is  these  cells 
which  take  up  the  waste  nitrogenous  matter  from  the  blood  and 
pass  it  into  the  tube,  and  thus  out  of  the  body.  The  part  of  the 
nephridium  nearest  the  external  opening  is  swollen  so  as  to  form 
a  bladder.  It  is  not  lined  by  glandular  cells,  but  has  a  muscular 
wall  by  the  contraction  of  which  the  contents  are  from  time  to  time 
expelled. 

The  blood  thus  takes  digested  food  to  the  living  cells  all  over 
the  body,  and  brings  from  them  certain  nitrogenous  excreta  to  the 
nephridia,  which  cast  them  out  of  the  body.  But  the  nephridia 
also  exert  some  action  on  the  other  great  fluid  of  the  body  —  the 
coeloinic  fluid  —  which  bathes  all  the  organs  of  the  body.  It 
has  been  mentioned  above  that  the  funnel-shaped  ciliated  openings 
of  the  nephridia  open  into  the  coelom,  so  that  the  fluid  of  this 
cavity  can  pass  out  of  the  body  not  only  by  the  dorsal  pores  but  by 
the  tubular  nephridia.  This  fluid  has  suspended  in  it  numerous 
amoebocytes  (o.  p.  85),  and  these  corpuscles  act  as  scavengers, 
taking  up  into  themselves  any  foreign  l)odies, -such  as  iiacteria, 
which  bave  made  their  way  into  the  coelom,  and  breaking  them  up. 

The  yellow  cells  (7,  Fig.  44),  which  surround  the  g\it  and 
form  the  inner  wall  of  the  coelom,  are  also  actively  engird  in 
extracting  nitrogenous  waste  from  the  endoderm  cells  and  the  blood- 
vessels which  pass  near  them.  When  the  excreta  have  accumulated 
to  a  certain  extent  in  a  yellow  cell  it  dies,  and  its  remains  fall 
out  into  the  coelomic  fluid,  where  they  are  eaten  by  the  amoebocytes. 
These  latter  then  wander  to  the  nephridium  and  become  pressed 
close  against  its  wall,  the  cells  of  which  extract  the  excreta  from 
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the  amoebocytes  and  pass  them  into  the  cavity  of  the  nephridial 
tube.  The  funnel  of  the  nephrldium  is  too  small  to  admit  the 
amoebocytes  —  it  serves  as  a  flushing  apparatus,  since  its  cilia 
draw  in  water  from  the  coelom  which  is  swept  down  the  tube  and 
carries  the  excreta  into  the  terminal  bladder  whence  they  are  from 
time  to  time  expelled. 

It  is  probable  that  the  yellow  cells  represent  a  primitive  mode 
of  excretion,  and  that  originally  the  whole  eoelomic  wall  undertook 
this  function,  the  products  escaping  either  by  simple  pores  or  by 
being  taken  up  by  amoebocj^tes  which  forced  their  way  out  through 
the  skin,  as  in  Echinodermata.  The  yellow  cells  and  the  nephridia 
are  then  to  be  regarded  as  portions  of  the  coelom  in  which  the 
power  of  storing  up  excreta  is  specially  developed,  and  in  this 
limitation  of  this  power  to  a  special  area  we  have  the  first  type  of 
an  excretory  organ.  A  localized  excretory  organ  requires  some 
means  of  bringing  to  it  the  products  of  katabolism  of  all  portions 
of  the  body  —  since  poiaonous  excreta  are  produced  by  all  living 
protoplasm  —  and  this  means  is  supplied  in  the  earthworm  by  the 
blood-system  and  the  amoebocytes. 

The  earthworm,  although  it  lives  in  earth,  has  a  clean,  glistening 
look,  and  this  is  partly  due  to  the  fact  that  the  eoelomic  fluid 
is  poured  out  from  the  dorsal  pores  (11,  Fig.  44)  and  keeps  the 
skin  moist  and  lubricated.  This  fluid  is  also  antiseptic  in  its 
action  and  thus  its  presence  pre%'ents  foreign  organisms,  such  as 
bacteria,  which  swarm  in  the  mould  in  which  the  worm  lives, 
settling  upon  the  skin  and  growing  there.  Numerous  glandular 
cells  belonging  to  the  ectoderm  also  pour  forth  a  secretion  through 
minute  pores  in  the  cuticle. 

The  earthworm  breathes  through  its  skin.  The  blood-system 
sends  up  into  the  skin  innumerable  minute  vessels  or  capillaries^ 
which  come  so  near  the  outer  surface  of  the  worm  tEat  the  oxygen 
can  pass  in  from  the  air  into  the  blood.  The  name  capillary  {Lat. 
eapiUug,  a  hair)  was  suggested  by  a  comparison  of  tlie  exceedingly 
small  calibre  of  these  vessels  with  the  diameter  of  a  human  hair. 

The  blood  is  red,  and  the  red  colour  is  due  to  the  same  substance 
which  colours  our  blood,  haemoglobin,  but  there  is  this  difEerence, 
that  whereas  in  Vertebrates  the  haemoglobin  is  contained  in  certain 
cells  which  float  in  an  almost  colourless  fluid,  in  the  earthworm  it 
is  dissolved  in  the  fluid  itself.  This  substance  has  a  strong  attrac- 
tion for  oxygen  which  it  takes  up  from  the  air  that  comes  into 
the  neighbourhood  of  the  skin-capillaries,  forming  a  bright  red 
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compound  called  oxy-haemoglobin.  This  compound  is  unstable, 
and  when  the  blood  in  its  course  round  the  body  encounters  a  cell 
hungry  for  oxygen,  the  oxy-haenn^lobin  is  decomposed,  yielding  up 
its  oxygen  ;  at  the  same  time  it  absorbs  carbon  dioxide  from  the 
cell,  forming  a  compound  of  apurpHsh  colour  called  reduced  haemo- 
globin. When  the  blood  again  approaches  the  skin  carbon  dioxide 
is  displaced  by  oxygen  and  got  rid  of,  osy-haemoglobin  being  again 
formed. 


1.  n.  111.  IT.  The  first,  second,  third,  and  fourth  segmenUi. 
1.  The  prostomium.  2.  The  cerebral  ganglia.  3.  The  para-oesophagcal 
comiiiiBBUre.  4.  The  first  ventral  panglion.  5,  The  mouth.  B.  The 
pharynx.  7.  The  dorsal  and  ventrai  pair  of  chaetae.  8.  The  tactile 
nerves  to  the  prostomium.  9.  The  anterior,  middle,  and  posterior  dorsal 
nerves.         10.   The  anterior,  middle,  and  posterior  ventral  nerves. 

If  we  cut  Open  an  earthworm  by  a  median  dorsal  incision  and 
attentively  examine  the  upper  surface  of  the  pharynx 
Nervoua         we  shall  find  at  its  anterior  end,  tucked  away  between 
yitem.         jj.  ^^^  j^^^^  skin,  two  little  whitish  knobs  lying  close  to 
one  another.      These  are  the  cerebral   or  supra-oesophageal 
ganglia  {1,  Fig,  41 ;  2,  Fig.  43).     At  their  outer  ends  the  supra- 
oesophageal  ganglia  pass  into  two  cords  (3,  Fig.  43).     If  we  now 
cut  away  the  pharynx  and  remove  the  alimentary  canal  we  can 
trace  these  two  cords  towards  the  ventral  middle  line  where  they 
unite  andform  the  first  sub-oesophageal  ganglion  (4,  Fig.  43); 
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from  this  a  long  white  cord  —  the  ventral  nerve-cord  —  runs  back 
to  th«  extreme  posterior  end  of  the  animal.  If  we  examine  these 
structures  with  a  tens  we  shall  be  able  to  see  that  the  suprar 
oesophageal  ganglion  gives  off  small  nerves  to  the  sensitive  pro- 
stomium,  and  that  the  ventral  nerve-cord  swells  out  between  each 
pair  of  septa,  that  is  in  each  segment,  into  a  thicker  portion  which 
gives  off,  both  dorsally  and  ventrally,  and  on  each  side,  three  pairs  of 
nerves  to  the  suiroimding  parts.  Each  of  these  swellings  is  termed 
a  ganglion  (Gr.  yayyAioi',  a  knot')  (4,  Fig.  43),  The  nature  of 
a  ganglion-cell  or  nerve-cell  has  already  been  explained  when  the 
Medusae  were  described.  Ganglia  are  portions  of  the  nervous 
system  containing  nefve-cells.  In  the  earthworm  auch  cells  are 
found  everywhere  on  the  cord  forming  the  central  nervous  system, 
though  more  abundantly  in  the  swellings  called  ganglia. 

The  nervous  system  of  an  earthworm  thus  consists  of  two 
sapra-oesophageal  ganglia  situated  in  the  third  segment,  a  pair 
of  connecting  cords  called  commissures,  which  form  a  ring 
round  the  pharynx,  and  a  ventral  cord  which  swells  out  into  a 
ganglion  in  every  segment  behind  the  third.  The  ring  round 
the  mouth  and  the  solid  nature  of  the  nervous  system  is  common 
to  nearly  all  the  Invertebrata,  and  in  those  which  have  a  bilateral 
symmetry  and  are  segmented  there  are  supra-oesophageal  ganglia 
and  a  ventral  nerve-cord  bearing  segmentally  repeated  ganglia. 

The  earthworm  haa  no  specialized  sense  organs,  it  has  neither 
eyes  to  see,  nor  nose  to  smell,  nor  ears  to  hear  with.  Still, 
although  it  is  apparently  deaf,  it  is  not  devoid  of  the  power  of 
appreciating  those  stimuli  which  in  us  excite  the  sensation  of  sight 
or  ainell.  A  strong  light  suddenly  turned  on  the  anterior  end  of 
the  body  will  cause  the  worm  instantaneously  to  withdraw  into  its 
burrow,  and  worms  readily  recognise  the  presence  of  such  favour- 
ite food  as  onions  and  law  meat.  Their  sense  of  touch  is  well 
developed  and  they  are  very  sensible  to  vibrations;  for  instance, 
a  stamp  of  the  foot  on  the  ground  will  cause  all  those  in  a 
certain  radius  to  disappear  into  their  burrows.  It  is  further 
possible  that  earthworms  possess  other  senses  with  which  we  are 
totally  unacquainted. 

The  nervous  system  is  one  of  the  most  important  in  the  body. 
It  governs  and  controls  the  action  of  every  tissue  and  cell.  It 
receives   and  registers  impressions  from  the  outside  world,  and 

'  Tiryhuir  WM  Dsed  by  the  old  medical  writers  to  indicate  the  swelling  or 
"  kDot "  in  a  muKle  caused  by  cramp. 
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co-ordinates  the  movements  and  activities  of  every  part  of  the  body. 
It  further  serves  to  put  each  organ  and  each  part  of  each  organ  in 
communication  with  all  the  others,  and  thus  this  vast  accumulation 
of  tissues  and  cells  acts  in  an  orderly  way  and  towards  a  set  end. 
A  transverse  section  of  an  earthworm,  such  as  can  be  cut  by  a 
microtome  from  a  specimen  embedded  in  paraffin  wax,  is  most 


Cuticle,  S.  Ectoderm  or  epideriDJB.  3.  Circular  inuacles.  4.  Dorsal 
nerve.  5.  Longitudinal  muacles.  6.  Somatic  epitbeliutn.  T.  Splanch- 
nic epitlielium,  or  yellow  cells.  S.  Epithelium  lining  the  Intestine. 
9.  Coelom.  10.  Nephridium  cut  in  section.  11,  Dorsal  pore.  12.  l>or- 
gal  blood-vessel  lying  alonj:;  the  typhlosole  or  the  groore  in  tlie  wall  ot 
intestine.  13.  Sub.ititeKtinal  bloud-teBsel,  14.  Ventral  nerve-cord. 
16.  Sub-neural  blood- ves.fel.      10.  Ventral  nerve. 


instructive,  in  exhibiting  the  relation  to  one  another  of  the  various 
tissues  which  make  up  the  body  of  the  earthworm.  The  outermost 
boundary  is  constituted  by  the  cuticle  (1,  Fig.  44),  a  hardened 
secretion  poured  out  by  the  ectoderm  (2,  Fig.  44),  The  ectoderm 
is  composed  of  tall  cylindncal  cells,  amongst  which  ore  isolated 


^aovGoOt^lc 


VI.]  LUMBRicoa  95 

"  goblet  cells  "  —  that  is,  cells  with  a  round  body  situated  beneath 
the  level  of  the  rest  and  with  a  long  neck.  The  ntime  is  suggested 
by  the  shape.  In  the  body  of  these  cells  mucus  is  secret«d,  which 
is  poured  forth  through  a  hole  in  the  cuticle  opposite  the  end  of 
the  cell-neck  and  helps  to  keep  the  surface  of  the  worm  moist. 

Beneath  the  ectoderm  is  a  thin  and  hardly  perceptible  layer  of 
jelly  fornling  a  bed  on  which  the  ectoderm  cells  rest.  This  founda- 
tion \e  called  the  dermis,  and  is  included  with  the  ectoderm  in  the 
ordinary  conception  of  the  "  skin."  In  contradistinction  to  the 
dermis  the  ectoderm  is  often  spoken  of  as  the  epidermis  (Gr. 
tri,  upon). 

Beneath  the  dermis  comes  a  layer  of  circular  muscles  (3,  Fig.  44), 
and  beneath  these  ^ain  a  much  thicker  layer  of  longitudinal 
muscles.  The  circular  muscles  consist  of  a  few  layers  arranged  to 
form  rings  round  the  section.  The  longitudinal  muscles  are  an-anged 
very  regularly,  and  in  the  section  they  have  the  form  of  a  series  of 
feathers  (5,  Fig,  44),  since  the  individual  fibres  appear  arranged 
in  oblique  rows  between  which  tongues  of  jelly  extend,  giving  off 
lateral  branches  on  which  the  hbres  rest. 

Both  sets  of  muscles  ai-e  composed  of  muscle-cells.  These  are 
long  fibre-like  structures  pointed  at  both  ends.  Most  of  the  proto- 
plasm is  differentiated  into  fine  f  i  b  r  i  1 1  ae,  which  indicate  (see  p.  29) 
contractile  power.  In  the  centre  of  the  cell  is  a  patch  of  un- 
modified protoplasm  with  a  nucleus.  The  whole  cell  may  be 
compared  to  a myo-epithelial  cell  of  Hydra,  in  which  the  epithelial 
part  has  diminished  in  size  and  the  tail  increased.  Nor  is  this  a 
fanciful  comparison,  for  the  study  of  developement  teaches  us  that 
the  cell  is  actually  derived  in  this  way  from  the  originally  simple 
cells  of  the  wall  of  the  coelomic  sac. 

The  movements  of  the  earthworm  can  be  more  easily  under- 
stood when  the  arrangement  of  the  muscles  is  known.  The 
longitudinal  muscles  serve  to  shorten  the  body,  and  as  the  coelomic 
liuid,  like  water,  is  practically  incompressible,  the  diameter  of  the 
animal  must  be  increased,  and  thus  the  chaetae  can  be  driven  into 
the  sides  of  the  burrow.  On  the  other  hand,  the  circular  muscles 
diminish  the  diameter  of  the  coelora,  and  the  contained  fluid  being 
forced  to  move  in  a  longitudinal  direction  stretches  the  body  out. 
The  boles  in  the  septa  equalise  the  pressure  in  the  various  segments 
by  permitting  the  fluid  to  escape  from  one  into  the  next. 

Mention  has  been  made  above  of  "  jelly  "  as  forming  a  support 
for  the  ectoderm  and  the  longitudinal  muscles.     It  forms  also  the 
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main  part  of  the  substance  of  the  septa.  In  the  worm  and  higher 
animals  generally  jelly  fulfilling  this  function  is  known  as  con- 
nective tissue.  Its  nature  will  be  more  fully  dealt  with  in 
the  section  relating  to  Arthropoda. 

Within  the  longitudinal  muscles  thereisalayerof  cells  called  the 
somatic  p_eri  to  neum  (6,  Fig.  44)  which  forms  the  immediate  wall 
of  the  coelom.  As  the  coelom  in  a  segment  of  the  worm  has  a  ring- 
shaped  form  there  is  an  inner  aa  well  as  an  outer  wall  of  the  coelom ; 
the  former,  since  it  closely  invests  the  alimentary  canal,  is  called  the 
visceral  or  splanchnic  (Lat.  ri'sciw  ;  Gr.  vvXayxyov,  entrail) 
peritoneum  (7,  Fig.  44)  —  the  latter  the  parietal  or  somatic 
(Lat.  )}aries,  an  outer  wall;  Gr.  oxupj,  body)  peritoneum.  The 
parietal  peritoneum  is  composed  of  flattened  cells;  the  viseeral 
peritoneum,  on  the  other  hand,  consists  of  large  cubical  cells,  the 
yellow  cells  already  described. 

Beneath  the  visceral  peritoneum  there  is  a  thin  layer  of  circular 
muscles,  the  splanchnic  muscles  derived  from  the  peritoneal 
layer  and  forming  the  agency  by  v.'hich  the  peristalsis  (i;.  p.  87)  of 
the  gut  is  carried  out. 

The  endo<lerm  (8,  Fig,  44}  consists  of  a  single  layer  of  long 
cylindrical  cells  beijt  in  dorsally  to  form  the  typhlosole.  Within 
the  limbs  of  this  fold  the  splanchnic  peritoneum  is  very  much 
thickened. 

The  dorsal  blood-vessel  can  be  seen  embedded  in  the  yellow 
cells  lying  in  the  typhlosole  (12,  Fig.  44),  whereas  the  ventral  vessel 
is  attached  by  a  membrane  to  the  ventral  side  of  the  intestine. 
This  membrane  is  really  a  part  of  the  partition  which  separated 
the  two  coelomic  sacs  which  originally  existed  in  the  segment 

The  nerve-cord,  apparently  lying  loosely  in  the  coelom,  ia  sur- 
rounded by  a  layer  of  cells  similar  to  those  forming  the  somatic 
peritoneum  of  which  they  once  formed  a  part  (14,  Fig.  44).  Hence 
the  coelom  has  extended  in  a  ring-shaped  manner  round  the  nerve- 
cord  exactly  as  it  has  surrounded  the  gut.  At  the  sides  of  and  below 
the  nerve-cord  may  be  seen  sections  of  vessels,  the  sub-neural  and 
latero-neural  vessels.  The  mass  of  the  nerve-cord  is  made  up  of  the 
sections  of  nerve-fibres,  whilst  the  nuclei  of  ganglion-cells  can  be  seen 
forming  a  sheath  on  the  outer  border  of  the  cord.  The  fibres  are 
divided  into  two  bundles  by  a  septum  of  connective  tiBsue.  On  the 
dorsal  surface  of  the  cord  there  are  seen  three  apparent  tubes, 
these  are  sections  of  the  ao-called  "  giant"  fibres  —  colossal  nerve- 
fibres  which  are  outgrowths  of  equally  large  ganglion-cells. 
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Sections  of  chaeta  sacs  and  nephridia  may  be  seen  in  favour- 
able sections. 

It  has  been  mentioned  above  that  it  is  one  of  the  cliaracteristics 
of  the  coelom  that  the  cells  lining  it  should  produce 
o™o»!"""  ^^^  reproductive  cells.  This  does  not  mean  that 
any  cell  lining  the  coelom  can  become  an  ovum  or  a 
spermatozoon,  but  that  at  certain  spots  the  cells  forming  pail  of 
the  coelomic  wall  turn  into  either  female  or  male  generative  cells. 
In  the  earthworm  the  paired  ovaries  (5,  Fig.  4o)  are  situated  in 
the  thirteentli  segment  and  may  be  seen  by  cutting  through  tlie 
intestine  about  the  region  of  the  gizzard  and  gradually  liftiiig  it  up 
from  behind  forwards ;  when  it  is  freed  up  to  the  twelfth  segment 


Fio.  45.  View  of  Reproductive  Organsof  the  Earthworm,  Lumbrieva  tfrmirii. 
Part  of  the  vesiculfi  aeminalis  in  cut  away  on  the  left  side  to  expose  tlie 
testis  and  the  inner  opening  of  the  vas  deferens.  Slightly  magnified. 
From  Hatschek  and  Cori. 

1.  Spermathecfte.  2,  Funnel -ah  ai)e<l  internal  openings  of  the  Tas  deferen«. 
3.  Anterior  testis.  4.  Veslculae  seminaieB.  6.  Ovary  attaclied  to 
posterior  wall  of  septum  separating  %n  and  xiu.  6.  Oviduct  traversing 
septum  separating  XIII  and  XIV.  T.  Va-s  deferens.  8.  Glands  in  the 
skin.         9.    Ventral  nerve-cord.         10.    Septum. 

The  Boman  figures  indicate  the  number  of  the  segments. 

the  ovaries  may  be  seen  as  minute  white,  ])ear-shaped  bodies 
lying  one  on  each  side  of  the  nerve-cord.  They  are  attached  by 
their  broad  end  to  the  posterior  wall  of  the  septum  separating  seg- 
ment twelve  from  segment  thirteen,  and  they  are  formed  by  the 
accumulation  and  growth  of  some  of  the  cells  which  cover  this 
septum,  that  is,  from  cells  lining  this  portion  of  the  coelom. 

If  one  of  the  ovaries  be  removed  and  examined  under  a  micro- 
scope it  will  be  seen  that  mauy  of  the  cells  composing  it  are  large, 
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spherical  and  crowded  with  granules.  The  largest  lie  in  the 
narrow  end  of  the  ovary  which  waves  about  in  the  coelomic  fluid. 
These  cells  are  the  full-grown  egga  or  ova,  and  when  ripe  they  drop 
off  from  the  ovaiy  into  the  coelom,  but  are  probably  at  once  taken 
up  by  the  wide  funnel-shaped  openings  of  the  oviducts,  one  of 
which  is  situated  oppo3it«  each  ovary.  Like  the  nephridla,  the  two 
oviducts  pierce  a  septum,  the  one  between  the  thirteenth  and  the 
fourteenth  segments.  They  are  short  tubes  which  oiien  into  the 
coelom  by  the  above-mentioned  funnel-shaped  opening  in  the  thir- 
teenth segment  and  to  the  exterior  by  a  small  pore  just  ontside  the 
inner  pair  of  setae  on  the  fourteenth  (6,  Fig.  45).  They  bear  on 
their  course  a  diverticulum  or  sac  which  is  called  the  receptacu- 
lum  ovorum,  in  which  the  ova  collect  until  the  earthworm  is 
ready  to  make  a  cocoon  to  receive  them. 

The  mate  i-eproductive cells  are  formed  in  the  testes,  of  which 
there  are  two  pairs  situated  in  a  similar  position  to  the  ovaries  but 
in  the  tenth  and  eleventli  segments  (3,  Fig.  45).  They  are  in  many 
respects  similar  to  the  ovaiies  but  are  hand-shaped,  the  broad  end 
of  the  haud  being  attached,  the  fingers  free.  Their  ducts  which 
convey  away  the  spermatozoa  are  called  the  vasa  deferentia  (Lat. 
vaa,  vessel;  deferens,  carrying  away).  They  have  similar  tunuel- 
shaped  openings  to  those  of  the  oviducts  and  they  traverse  the 
septum  behind  the  segment  in  which  these  openings  lie,  but  they 
do  not  at  once  open  to  the  exterior.  The  two  ducts  of  each  side 
unite  in  the  twelfth  segment,  and  the  common  duct  thus  formed 
runs  back  to  open  by  a  pore  with  swollen  lips  on  the  fifteenth  seg- 
ment, the  one  behind  that  on  which  the  oviducts  open  (7,  Fig,  45), 

There  is,  however,  one  great  difference  between  the  male  and 
female  organs.  Whereas  the  ovaries  lie  freely  in  the  body^iavity 
and  can  readily  be  seen  if  the  intestine  be  removed,  each  pair  of 
testes  and  the  corresponding  inner  funnel-shaped  openings  of  the 
vasa  defereutia  are  concealed  by  a  certain  sac  or  bag  called  the 
vesicula  seminalis,  and  it  is  only  by  cutting  away  the  wall 
of  this  sac  that  these  structures  come  into  view  (4,  Fig.  45). 
Each  vesicula  seminalis  is  a  fiat,  oblong  bag  extending  backwards 
from  the  front  wall  of  the  segment  in  which  it  lies  and  situated 
beneath  the  alimentary  canal.  The  angles  of  the  front  vesicula 
seminalis  are  produced  into  two  long  pouches  which  project  upwards 
at  the  sides  of  the  alimentary  canal,  and  are  often  called  lateral 
vesicnlae  seminales,  though  they  ought  to  be  termed  lateral  horns 
of  the  anterior  vesicula  seminalis.    A  similar  projection  Is  produced 
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from  the  hinder  angles  of  the  posterior  vesicula  seminalis,  ao  that  on 
opening  a  worm  three  pairs  of  greyish  white  sacs  ai'e  seen  at  the 
sides  of  the  gut.  The  study  of  the  way  in  which  the  vesicula 
seminalis  ia  formed  shows  that  the  space  it  contains  is  really  part 
of  the  coelom  which  has  become  cut  off  from  the  reat,  ao  that, 
although  at  first  sight  the  testes  seem  to  differ  from  the  ovaries 
and  to  be  exceptions  to  the  general  rule  that  reproductive  cells  have 
their  origin  from  the  walls  of  the  coelomic  cavity,  a  closer  examina- 
tion shows  that  this  apparent  divergence  is  not  real. 

Every  earthworm  has  grown  up  from  an  egg  which  has  been 
fertilised  by  a  spermatozoou.  As  the  earthworm  is  hermaphi'odite, 
that  is  to  say,  contains  both  male  and  female  organs,  it  might  be 
thought  that  the  spermatozoa  of  an  individual  would  fertilise  its 
own  ova,  but  this  is  not  the  case.  Cross  fertilisation  or  the 
fertilisation  of  the  ova  of  one  individual  by  the  spennatozoa  of 
another  is  the  rule  in  Nature,  and  the  earthworm  ia  no  exception 
to  the  rule.  The  method  by  which  the  spermatozoa  reach  the  ova 
is  not  clear  in  all  its  details,  but  it  is  something  like  this.  The 
cells  which  are  to  form  the  spermatozoa  break  off  from  the  testes 
and  whilst  lying  in  the  fluid  contenta  of  the  vesicula  seminalis 
they  divide  and  the  products  of  the  division  or  spermatozoa  de- 
velope  each  a  long  vibratile  tail  by  whose  aid  they  swim  actively 
about.  Two  earthworms  then  approach  each  other  and  the 
spermatozoa  pasa  down  the  funnel-shaped  opening  and  vasa  defe- 
rentia  of  each  and  into  the  aperraathecae  of  the  other.  The 
earthwonna  then  separate,  each  carrying  away  the  spermatozoa  of 
the  other. 

The  speimathecae  in  which  the  earthworm  stores  np  the 
spermatozoa  received  from  another  individual  are  pockets  of  the 
skill  (1,  Fig.  45).  They  belong,  strictly  speaking,  to  the  female 
reproductive  system.  Seen  from  the  interior  of  the  animal,  they 
appear  aa  four  small  white  spherical  bodies,  lying  one  pair  near  the 
hind  end  of  segment  nine,  and  the  other  pair  near  the  hind  end  of 
segment  ten,  and  each  pair  opens  by  a  very  short  neck  or  duct  on. 
the  grooves  between  segments  nine  and  ten  and  ten  and  eleven,  just 
inside  the  outer  pair  of  chactae.  It  is  through  these  ducts  that 
the  spermatozoa  from  another  worm  enter. 

Earthworms  lay  their  eggs  in  cocoons,  which  at  one  time  were 
mistaken  for  the  eggs  themselves.  These  cocoons  are  usually 
brown  and  homy  and  vary  in  size  in  different  species  of  earthworm ; 
some  are  about  as  large  as  rape  seed,  others  almost  eqtial  in  bulk  to 
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a  small  grain  of  wheat.  They  are  formed  from  the  secretions  of  the 
peculiar  ectoderm  cells  found  in  the  clitellum  and  at  first  Iiave 
a  ring-like  shape.  The  secretions  harden  when  in  contact  with  the 
air.  The  animal  begins  to  wriggle  out  of  the  band,  which  at  first 
surrounds  its  body  in  the  neighbourhood  of  the  thirty-second  to  the 
thirty-seventh  segment.  As  the  band  passes  over  the  openings  of 
the  oviducts  in  the  fonrteeuth  segment  it  carries  away  with  it  a 
certain  number  of  ova,  and  as  It  passes  the  orifices  of  the  sperraa- 
thecae  between  the  eleventh  and  tenth  and  tenth  and  ninth 
segments,  some  of  the  spermatozoa  which  have  been  received  from 
another  individual  are  squeezed  out  Besides  ova  and  spermatozoa 
the  cocoon  contains  a  certain  amount  of  a  milky  and  nutritive  fluid 
in  which  these  cells  float ;  this  is  probably  supplied  by  certain  other 
glands  in  the  skin  of  the  earthworm.  At  the  moment  the  last 
segment,  that  is,  number  one,  ia  withdrawn,  the  anterior  end  of  the 
cocoon  contracts  and  closes,  and  as  the  posterior  end  of  the  band- 
like ring  passes  over  the  head  it  also  closes,  so  that  the  cocoon  lies 
in  the  earth  as  a  closed  vesicle  containing  eggs,  spermatozoa  and  a 
nutritive  fluid.  The  spermatozoa  fuse  with  the  ova  and  from  the 
fertilised  ova,  by  division  into  a  number  of  cells  and  by  the 
differentiation  of  the  cells  into  muscle  cells,  epithelial  cells, 
digestive  celts,  nerve  cells,  etc.,  a  young  earthworm  is  built  up. 
Before  being  hatched  out  of  the  cocoons  the  young  embryos  are 
nourished  by  the  milky  nutritive  fluid  in  which  they  float 

In  Great  Britain  there  are  several  species  of  earthworm,  which 

are  grouped  into  two  genera,  viz.  AUotobophora,  with 
Enthwcnm        fourteen  species,  which,  with  one  exception,  have  the 

prostomium  not  dove-tailed  into  the  second  segment; 
and  LumbricuSf  with  five  species,  in  which  the  prostomium  is  com- 
pletely dove-tailed  int«  the  second  segment.  The  above  account 
has  been  taken  from  the  anatomy  of  L.  kerculetis,  the  largest  of  our 
indigenous  species,  but  with  the  exception  of  a  few  minor  details 
the  account  applies  to  most  British  earthworms. 

Oriler  I.   Oligochaeta 

The  sub-order  to  which  earthworms  belong,  the  Terricolae, 
are  for  the  most  part  inhabitants  of  the  land,  and  occur  widely 
distributed  over  the  Earth,  being  as  a  rule,  only  absent  from 
sandy  and  desert  soils.  Some  of  them  are  aquatic,  but  not 
many.    On  the  other  hand,  the  allied  sub-order  the  Limicolae 
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are  for  the  most  part  denizens  of  fresh  water.  Both  aub-oi-ders 
contain  numerous  genera  and  families ;  together  they  form  the  order 
Oligochaeta,  which  is  characterised  by  being  hermaphrodite,  by 
having  the  reproductive  organs  few  in  number  and  definite  in 
position,  by  developing  directly  from  the  egg  without  the  inter- 
vention of  any  larval  stage,  and  lastly  by  the  absence  of  cei-tain 
struetures  which  are  very  characteristic  of  the  other  great  division 
of  the  true  worms  or  Chaetopoda. 


Order  II.    Polychaeta 

The  Polychaeta  differ  from  the  Oligo- 
chaeta, as  their  name  implies,  by  possessing 
a  large  number  of  chaetae  on  each  segment. 
The  sides  of  each  segment  are  further  as  a 
rule  drawn  out  into  hollow  flaps  or  lobes  called 
parapodia,  which  bear  tlie  chaetae.  Each 
parapodium  may  be  divided  into  a  dorsal  half, 
the  Notopodium,  and  a  ventral  half,  the 
Neuropodium  (15  and  16,  Fig.  47).  Both 
notopodium  and  neuropodium  carry  bunches  of 
chaetae,  and  each  has,  as  a  rule,  one  particu- 
larly large  chaeta,  the  aciculum,  completely 
concealed  in  a  very  deep  chaeta-sac,  which  is 
moved  by  muscles  attached  to  its  base  and 
serves  as  a  kind  of  skeleton  for  the  parapodium. 
There  is  us\ially  above  the  notopodium  and 
beneath  the  neuropodium  a  process  called  a 
cirrus.  The  dorsal  cirrus  may  be  modified 
into  a  gill,  and  both  dorsal  and  ventral  cirri 
may  be  abseut. 

The  coelom  is  often  divided  into  three 
longitudinal  compartments  by  two  muscular 
partitions  (5,  Fig.  47)  which  run  from  the  dorso- 
lateral line  towards  the  median  ventral  line  near 
the  nerve-cord.  The  mesenteries  which  divide 
the  space  between  each  segment  are  absent  in  f,o.  40,  ,Verfi"»  i-e- 
some  of  the  Polychaeta  which  live  in  tubes.  n^''^''^  ^'    ^^^" 

As  a  rule  Polychaets  have  a  certain  num- 
ber of  the  anterior  segments  modified  to  form  a  head,  which  usually 
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carries  tentacles  and  organs  for  absorbing  osygeii  from  the  water, 
called  branchiae  or  gills.  They  are  generally  of  separate  sexes, 
and  the  egga  develope  into  a  larva  which  swims  in  the  sea  and 
gradually  changes  and  grows  up  into  a  worm.  This  group  includes 
a  very  great  variety  of  forms,  almost  all  of  which  are  marine. 
With  few  exceptions  they  form  burrows  for  themselves,  which  most 


1.    Cuticle.  2.    Epidermis.  3.    Circular   inugclcs.  4.    LoiipiUKlinn] 

TiiusclcH.  i>.  obliijue  muKclps  funniii;:  a  partitinn.  <l.  t>nmatic 
layer  nt  e|i<iht>liiim.  .  7.  Coelum.  tj.  Splanclinic  layer  nf  epiilieliuiii. 
U.  Cavity  uf  inti-Kliiie.  10.  Dorsal  bluml-vcKsel.  11.  Veuiral  blomt- 
veHsel.  12.   Ventral  nerve-cord.  l^i,   Nephrldiuui  cut  in  sectinn. 

14,  Ova.  16.  NotopiKliuiu.  16.  Seuropodiura.  17.   l^'i'sal 

clmis.  18.  Ventral  cirrus.  10.  Cbaetae.  -M.   Aciculuni  n-illi 

muscles  at  inner  etid. 

of  tliein  occasionally  desert  iu  order  to  seek  prey  and  to  discharge 
the  rejji'oduetive  cells.  Some  however  never  leave  the  liurrows, 
which  in  this  case  often  take  the  form  of  tubes  composed  of  a 
secretion  of  the  ectoderm. 


^aovGoOt^lc 


VI.]  HIRDDIKEA 


Order  III.     Hirudinea 

Besides  the  Oligochaeta  and  Polychaeta  the  order  Hirudinea, 
the  members  of  which  are  popularly  known  aa  leeches,  is  included 
amongst  the  Chaetopoda,     They  were  for  some  time  regarded  as  a 
distinct  order  of  Annelida,  since  the  great  majority  of  species  possess 
no  ehaetae  and  have  other  peculiari- 
ties;    but    tlie    recent    discovery    of 
species    possessing   ehaetae,   and    the 
close  resemblance  between  the  devel- 
oi^ement  of    all    Hirudinea   and   that 
of  Oligochaeta,  renders  it  evident  that 
they  are  true  Chaetopoda  and  that  the 
absence    of    ehaetae    is    a    secondary 
characteristic. 

There    is    little    doubt    that    the 
Hirudinea  are  closely  al- 

Enernai      Ued   to   the   Oligochaeta; 

eaturei.  iDjppj  thd'c  are  Certain 
families  which  it  is  not  easy  to  assign 
definitely  to  either  group;  but  the 
more  typical  forms  are  easily  distin- 
guished. Externally  leeches  may  be 
recognised  by  the  possession  of  a  sucker 
at  each  end  of  the  b<xly,  the  anterior 
one  being  formed  by  the  mouth,  whilst 
the  i>osterior  one  is  a  special  organ. 
By  alternately  attaching  and  releasing 
these  suckers  and  bending  the  body 
the  animal  crawls  along. 

With  the  exception  of  Brandiel- 
/I'oii.  which  hears  tufted  gills,  the  bodies    l.    Mouth.  2.    I'nsierior 

of  leeches  are  without  external   pro-      *"«''t'"-    ^-  Sensory  iiapillae 
_,,  ...  on   the   anterior  nnnuhis  of 

cesses.     There  are  no  parapodia,  as  in       each  segment.    1'he  remahi- 
the  I'olychaeta,  and  no  branchiae  or       ing  four  annuli  which  make 
,  J         ,  I  ii.  "P  6*'^''  t'T6  segment  are  In- 

tentacles,  and  only  one  genus  ot  the       diealed  by  the  markings  on 
family  has  any  ehaetae.      The  body  is       the  dorsal  surface, 
segmented,  and  recently  it  has  been 

shown  that  the  number  of  segments  is  always  thirty-three.     Some 
however  of  the  segments  are  fused  together;   thus  for  example  the 
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posterior  sucker  contains  traces  of  six  or  seven  true  segments.  The 
best  test  of  the  number  is  to  count  the  ganglia  on  the  ventral  nerve- 
cord.  But  even  this  is  not  decisive,  because  although  there  are 
twenty-one  free  ganglia  ia  the  centre  of  the  body  a  certain  number, 
some  say  five  and  some  six,  are  fused  into  the  sub-oesophageal 
ganglion,  and  a  certain  number,  some  say  seven  and  some  say  sis, 
coalesce  to  form  the  ganglion  of  the  posterior  sucker.  Whichever 
view  is  taken  the  total  number  of  segments  is  thirty-three. 

The  body  of  the  leech  is  ringed  or  divided  into  a  number  of 
annull.  These  do  not,  however,  represent  the  segments,  but  a 
number,  varying  in  the  different  genera,  make  up  a  segment.  In 
Hirudo,  the  medicinal  leech,  there  are  five  annuU  to  a  true 
segment;  in  Clepaine,&  common  fresh-water  leech,  the  number  is 
three.  The  real  segmentation  is,  however,  to  some  extent  indicated 
by  markings  on  the  skin. 

The  animal  is  covered  like  the  earthworm  by  a  thiu  cuticle 
secreted  by  the  ontennost  cells,  and  the  ectoderm  contains  numerous 
goblet  cells  which  are  especially  well-developed  over  the  segments 
abutting  on  the  generative  orifices.  Here  they  form  a  cHtellum, 
and  the  secretion  the  cells  pour  out  forms  a  cocoon  in  which  the 
eggs  are  laid. 

The  nervous  system  of  a  leech  does  not  differ  in  essentials  from 
that  of  the  earthworm,  but  the  nephridia,  of  which 

0«M«'  there  are  in  Hirjido  seventeen  pairs,  are  peculiar. 
They  are  no  doubt  a  modified  form  of  the  same 
organ  aa  the  nephridium  of  the  earthworm,  and  they  consist  of 
coiled  cellular  tubes.  Theouterend  communicates  with  the  exterior 
through  a  muscular  vesicle.  The  inner  end,  or  ao^ialled  testis  lobe, 
lies  near  the  testis  in  the  genital  segments.  The  whole  is  traversed 
by  a  ramifying  network  of  chambers  opening  by  minute  pores  on 
the  testis  ]oL)e. 

The  other  systems  of  organs  are  still  more  unlike  what  has  been 
described  in  the  case  of  the  earthworm  and  deserve  a  short  account. 
Leeches  live  by  sucking  the  blood  or  juices  of  other  animals, 
usually  of  Vertebrates.  They  are  divided  into  two  large  groups  — 
(a)  the  RhynciiobdELLIDAE,  which  pierce  the  tissues  of  their  hosts 
by  means  of  a  fine  protrusible  stomodaeum,  the  so-called  proboscis, 
and  (Ji)  the  OxATHOBDELLiDAE,  which  bite  their  prey  by  means  of 
homy  jaws.  The  medicinal  leech  is  one  that  bites,  and  the  tri- 
radiate  little  scar  which  its  three  teeth  make  in  the  skin  was  well- 
known  to  our  forefathers  in  the  times  of  bleeding  and  cupping. 
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The  three  teeth,  which  are  notched  like  a  saw,  are  really  only 
thickeningB  of  the  cuticle  borne  by  the  wall  of  the  pharynx,  which 
coutaios  many  unicellular  glands  whose  secretion  prevents  blood 
from  coE^lating.  Thus  the  leech  when  fixed  on  to  its  victim  by 
the  oral  sucker  readily  obtaius  a  full  meal. 

From  the  pharynx  a  short  narrow  tube,  the  oesophagus,  leads 
into  an  enormous  dilatation,  the  crop.  This  extends  to  the  four- 
teenth segment  and  gives  off  on  each  side  a  series  of  eleven  pouches 
or  caeca  (Lat.  caecum,  blind),  which  increase  in  size  from  before 
backward.  The  posterior  caeca  ai'e  very  large  and  reach  back  to 
the  level  of  the  anus,  lying  one  on  each  side  of  the  intestine.  The 
leech  has  the  habits  of  a  boarconstrictor.  It  makes  a  hearty  meal, 
absorbing  as  much  as  three  times  its  own  weight  of  blood,  and  the 
blood  it  absorbs  is  stored  up  for  many  months  in  this  enormous 
crop.  It  slowly  digests  the  food  in  a  small  globular  stomach 
situated  just  behind  where  the  posterior  caeca  leave  the  crop.  The 
stomach  opens  into  a  short  intestine  which  ends  in  the  anus,  a 
minute  pore  situated  dorsally  between  the  posterior  sucker  and  the 
body  (Fig.  49). 

In  one  genus  at  least,  Acanthobdella,  the  coelomic  cavity  is 
almost  as  well-developed  as  in  an  earthworm,  and 
is  divided  up  by  septa  as  in  that  animal.  In  other 
leeches  the  cavity  tends  to  disappear,  becoming  in  fact  displaced 
by  a  great  growth  of  tissue,  and  is  reduced  to  a  few  narrow 
channels.  In  many  leeches  it  contains  a  iluid  closely  resembling 
the  true  blood,  so  that  unless  very  careful  microscopic  examination 
be  made  these  channels  may  be  mistaken  for  true  blood-vessels. 
The  capsules  in  which  the  ovaries  and  testes  lie  are  also  parts  of 
the  coelom. 

The  medicinal  leech,  owing  to  a  great  growth  of  this  above- 
mentioned  tissue,  is  almost  without  a  coelomic  cavity,  When  the 
body  is  opened  a  narrow  vessel,  full  of  a.  red  fluid,  is  seen  running 
along  the  middle  dorsal  line  above  the  alimentary  canal.  This  is 
the  dorsal  sinus,  a  remnant  of  the  true  coelomic  cavity ;  a  similar 
sinus  runs  along  the  ventral  surface  underneath  the  alimentary 
canal,  which  is  called  the  ventral  sinus.  It  communicates  with 
the  dorsal  sinus  by  lateral  channels  which  run  betweeii  the  intestine 
and  the  posterior  caeca  of  the  crop.  It  surrounds  the  ventral  nerve- 
cord,  which  thus  seems  to  float  in  blood,  but  really  lies  in  the  red 
coelomic  fluid,  and  it  gives  off  lateral  sinuses  which  sun-ound 
the   inner  openings  of   the  nephridia.      The  true    blood-vessels 
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comprise  a  vessel  running  on  each  side  of  the  body  and  con- 
nected t<^ether  by  transverse  branches  which  run  from  side  to 
side  below  the  ventral  sinus.  The 
lateral  vessels  further  supply  capillaries 
to  the  nephridia,  alimentary  canal, 
reproductive  oi-gans,  etc.,  and  a  very 
extensive  system  to  tht*  skin  where  the 
haemoglobin  of  the  blood  takes  up 
oxygen.  Except  in  Brancketlion,  which 
has  special  gills,  the  respiration  of 
leeches  is  carried  on  in  the  akin. 
>  Leeches   are,  like   the  earthworm, 

„  hermaphrodite,    but   their 

1  ,B         RtpioductloD,  /^ 

reproductive  organs  differ 
in  some  respects  from  tliose  of  that 
animal. 

In  Liimbricns  the  testes  are  re- 
peated in  two  segments  only,  but  in 
Hirudo  there  are  usually  nine  pairs  of 
testes.  The  cavities  of  both  the  testis 
and  of  the  ovary  are  to  be  regarded  as 
part  of  the  original  coelom ;  in  strictness 
the  testes  probably  correspond  to  the 
vesiculae  seminales  in  an  earthworm, 
which  are  part  of  the  coelom,  and 
enclose  the  true  testis.  Each  testicular 
sac  gives  off  a  short  transverse  duct 
*  which  passes  into  a  longitudinal  canal 

termed  the  vas  deferens,  of  which  thei-e 
are  two,  one  on  each  side  of  the  body. 
At  its  anterior  end  each  vas  deferens 
passes  into  a  convoluted  mass  of  tubes 
— the  30-caIled  epididymis — whose 
walls  secrete  a  substance  which  binds 

Fio.  40.  View  of  the  inWmal  organs  of  Hirudo  mrdkhinlii.  On  tlie  left  Bi<ie 
the  Alimentary  cunal  is  sliown,  but  tiie  right  liftlf  of  tliia  organ  haa  been 
removed  to  sliow  the  excretory  and  reproductive  organs. 

1.  Head  wicli  eye  apota.  2,  Muscular  pharynx.  3.  Ist  diverticulum  of 
the  crop.  4.    11th  diverticulum  of  the  crop.  5.  Stomach. 

0.    Rectum.  7.    Anus.         8.    Cerebral  canglia.  0.   Ventral  nerve- 

cord,  10,   Nephridium.  11.    Lateral  blootl-veRsel.  12.   Testis. 

13.    Vas  deferens.  14.   Prostate.  15.    Penis.  16,    Ovary. 

17.    Uterus — a  dUatatiou  formed  by  the  conjoined  oviducts. 
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the  spermatozoa  together  into  packets  r-alled  spermatophores. 
It  is  to  be  remembered  that  the  names  epididymis,  prostate,  etc., 
are  given  from  fanciful  resemblances  to  parts  in  the  anatomy  of 
man  by  no  means  homologous  with  the  organs  bearing  the  same 
name  in  the  leech.  From  each  epididymis  a  short  duct  passes 
towards  the  middle  line,  and  these  two  ducts  fuse  and  enter  the 
base  of  the  penis,  which  is  protruded  from  the  segment  which 
contains  the  sixth  distinct  ^wst-oral  ganglion. 

The  penis  is  simply  the  muscular  end  of  the  conjoined  male  ducts 
or  vasa  deferentia ;  it  is  the  organ  by  which  the  spermatophore  is 
deposited  in  the  body  of  another  leech.  The  spermatozoa  in  Clep- 
sine  seem  to  penetrate  the  skin  at  any  point  and  make  their  way  to 
the  ovaries,  where  they  fertilise  the  e^a.  In  other  species  the 
spermatozoa  enter  in  the  usual  way  into  the  female  genital  pore. 

As  in  the  earthworm,  there  are  bnt  one  pair  of  ovaries.  These 
are  minute  filamentous  bodies  enclosed  in  a  small  coelomic  sac. 
From  each  sac  a  short  oviduct  proceeds  and  uniting  with  its  fellow 
forms  a  twisted  tube  surrounded  by  many  glands.  This  finally 
opens  by  a  median  pore  on  the  segment  behind  the  one  bearing  the 
male  opening. 

Thus  in  leeches,  unlike  what  prevails  in  the  earthworm,  the 
genital  pores  are  single  and  median.  The  medicinal  leech  lays 
its  eggs  in  a  cocoon  and  buries  them  in  holes  in  the  banks  of  the 
ponds  they  inliabit.  Clepsine,  one  of  tlie  Rhyncbobdellidae  which 
is  very  common  in  Britain,  attaches  its  eggs  to  some  stone  or  water- 
plant,  or  in  some  species  carries  them  about  on  its  ventral  surface. 
It  has  developed  a  quite  maternal  habit  of  brooding  over  the  eggs, 
and  when  the  young  are  hatched  it  carries  them  about  and  they 
feed  on  some  secretion  from  its  body. 

Of  the  Gnathobdellidae,  Hirudo  viedicinalis  is  found  in  Great 
Britain,  but  is  commoner  in  some  parts  of  the  Con- 
tinent. They  are  cultivated  in  some  districts,  but 
the  demand  for  them  is  decreasing  with  the  disappearance  of  blood- 
letting. They  become  mature  in  three  years.  In  the  young  stages 
they  suck  the  juices  of  insects.  Another  common  but  small 
Gnathobdellid  leech  is  the  brownish  Nephi'tis,  which  frequents  our 
ponds  and  pools  j  it  feeds  on  snails  and  planarians.  A  large  species 
of  the  same  genus  is  common  in  the  shallows  of  the  St.  Lawrence,  in 
Canada.  In  warmer  climates  many  leeches  take  to  living  on  land, 
and  are  a  source  of  great  annoyance  to  travellers  whose  blood  they 
suck.    Even  water-forms  do  much  damage  unless  carefully  guarded 
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against  Certain  species  make  their  way  with  drinking  water  into 
the  throat  and  back  of  the  mouth,  on  which  they  fasten,  and  cause 
great  suffering  both  to  man  and  cattle. 


Phylum  ANNELIDA 

This  phylum  includes  segmented  animals  with,  as  a  rule,  a  well- 
developed  coelom.  The  cuticle  is  always  thin  and  flexible,  and  the 
nervous  system  consists  of  a  pair  of  suproroesophageal  ganglia,  a 
nerve  collar  and  a  ventral  nerve-cord  which  has  a  ganglionic 
swelling  in  ei 


Glass  I.     Ohaetopoda 

Annelida  which  possess  bristles  (chaetae)  embedded  in  pits  in 
the  skin  and  serving  as  organs  of  locomotion,  or  which  are  believed 
to  have  once  possessed  such  organs  and  to  have  lost  them. 

Order  1.    Oligochaeta. 

Chaetopoda  which  hare  the  chaetae  arranged  singly  or  in 
pairs,  and  which  have  neither  parapodia  nor  tentacles:  the 
generative  organs  are  definitely  localised,  and  the  sexes  are 
united  in  the  same  individual ;  developement  is  practically 
entirely  embryonic:  the  group  inhabit  fresh  wat«r  or  damp 
earth. 

Ex.    Lumbricua,  Allolobopltora. 


Order  2.    Polychaeta. 

Ghaetopoda  which  have  the  chaetae  arranged  in  bundles  of 
some  size,  almost  always  borne  on  conspicuous  lateral  out- 
growths of  the  body  termed  parapodia:  the  prostomium  has, 
as  a  rule,  tactile  organs,  known  as  tentacles  and  palps :  there 
are  no  localised  generative  organs,  ova  and  spermatozoa  being 
developed  from  wide  stretches  of  the  coelomic  wall,  but  the 
sexes  are  separate :  in  the  developement  a  well-marked  larval 
stage  occurs:  with  few  exceptions  the  group  is  marine. 
Ex.     Mereia. 
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Order  3.    Hirudinea. 

Cliaetopoda  in  which  chaetae  and  parapodia  are  absent  and 
which  move  by  means  of  a  muscular  sucker  developed  on  the 
under  surface  of  the  posterior  segments :  there  are  no  tentacles 
and  the  mouth  acts  as  an  anterior  sucker :  the  coelom  is  reduced 
to  capsules  surrounding  the  genital  cells  and  to  a  few  nan-ow 
channels :  the  animals  are  hermaphrodite,  and  the  genital  pores 
single  and  median :  the  members  of  this  order  live  on  the  juices 
of  other  animals,  and  there  are  both  fresh  water  and  marine 
species;  developement  is  entirely  embryonic. 
Ex.    Hirudo,  Nephelis,  Clepsine. 


^aovGoOt^lc 


CHAPTER  VII 
Phylum  Arthropoda 

One  of  the  most  striking  features  of  the  Annelida  is  the  fact 
that  they  are  segmented,  that  is  to  say  their  body  is  divided  into  a 
QumbePof  similar  parts  placed  one  behind  the  other  like  coaches  in 
a  train,  each  of  which  to  a  greater  or  less  extent  resembles  the  part 
■  in  front  of  it.  The  likeness  of  the  parts  to  one  another  varies.  In 
some  worms  we  might  easily  detect  from  which  region  of  the  body 
any  given  segment  was  taken.  In  the  Earthworm,  except  in  the 
region  of  the  clitellum,  there  is  little  external  difference;  never- 
theless if  we  consider  the  internal  organs  we  can  distinguish  any 
of  the  first  twenty  segments  from  any  other  behind  these,  and  can 
easily  arrange  them  in  their  proper  order;  but  no  matter  how  long 
the  worm  Is,  all  the  segments  behind  the  twentieth  resemble  one 
another  so  closely  that  it  is  impossible  to  assign  any  to  their  right 
place,  except  the  last  of  all  {v.  p.  82), 

The  animals  included  in  the  group  of  the  Arthropoda  are  seg- 
mented like  the  Annelida,  but  with  few  exceptions  the 
'  number  of  segments  is  small  and  does  not  exceed 
twenty.  The  segments  have  also  become  more  highly  differentiated 
from  one  another  in  consequence  of  lieing  modified  to  perform  vari- 
ous functions,  and  they  are  more  frequently  fused  together  than  Js 
the  case  in  the  Annelids. 

The  Arthropoda  have  jointed  outgrowths,  called  limbs  or  ap- 
pendages. These  are  always  arranged  in  pairs,  and  at  least  one 
pair  is  modified  so  as  to  assist  in  holding  and  crushing  the  food. 
This  character  of  possessing  jointed  limbs  Is  what  is  Indicated  by 
the  name  Arthropoda  (Gr.  apOpov,  joint;  mns,  foot). 

The  Arthropoda  may  be  divided  into  three  classes  :  — 

I.  The  Crustacea,  which  includes  all  the  Crabs,  Lobsters, 
Cray-fish,  Barnacles,  Wood-lice,  etc.,  besides  countless 
'"  '    small  forms  such  as   the   Water-flea,   Cyclops,   and 

many  others  which  inhabit  both  salt  and  fresh  water. 
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II.  The  Antesnata,  which  include  all  Arthropoda  possessing 
one  pair  of  feelers  —  antennae  —  and  breathing  by  means  of  ajr 
tubes  or  tracheae.  This  group  is  divided  into  three  sub-classes,  viz, : 

A.  The  Prototracheata,  a  group  containing  the  genua  Peri- 
patua,  an  animal  not  found  in  Europe  or  in  North  America,  but 
which  must  be  mentioned  because  it  seems  to  be  a  survival  of  an 
earlier  age,  and  because  its  structure  haa  given  us  a  clue  to  much 
that  was  obscure  in  the  anatomj  of  Arthropods;  it  is  in  fact  in 
many  respects  intermediate  between  the  Annelids  and  the  air- 
breathing  Arthropoda. 

Bi  The  Myriapoda  or  Centipedes,  the  commonest  British 
examples  of  which  are  the  chestnut-coloured  centipede  Litkobixis 
forfiaUua  and  the  black  "  wire-worm  "  '  lultig  terrestris. 

C.  The  In3ecta,the  largest  group  in  the  Animal  Kingdom. 
It  contains  about  250,000  named  species,  and  includes  all  those 
creatures  such  as  Beetles,  Flies,  Dragon-flies,  May-flies,  Moths,  Bees, 
Ants,  and  Wasps,  etc.,  which  we  are  accustomed  to  call  insects. 

III.  The  Arachnida,  including  the  Spiders,  Harvestmen, 
Mites,  and  certain  larger  forms  such  as  the  Scorpion,  and  Limulus, 
the  King-crab. 

If  we  go  into  an  old  garden  and  turn  over  a  stone  or  look 
between  the  bark  and  the  trunk  of  a  decaying  tree,  or  examine  the 
leaves,  we  may  find  representatives  of  each  of  the  four  larger  classes 
mentioned  above.  Tlie  Crustacea  may  be  represented  by  a  Wood- 
louse  (Fig.  79),  the  Myriapoda  by  a  Centipede  (Figs.  51  and  84), 
the  Insecta  by  a  Beetle  (Fig.  92),  and  the  Arachnida  by  a  Spider 
(Fig.  53).  If  we  compare  these  creatures  one  with  another  we  shall 
see  that  they  resemble  each  other  in  certain  particulars. 

To  begin  with  they  are  all  clothed  in  a  hard  coating  consisting 
largely  of  the  horny  substance  called  Chitin,  which 
does  not  form  a  simple  chamber  or  house  in  which 
the  body  of  the  animal  lies,  as  a  snail  lies  in  its  shell,  but  which  is 
moulded  accurately  over  all  the  body  and  even  tucked  into  all  the 
openings,  so  that  it  forms  an  exact  cast  of  the  soft  parts  underneath. 
This  covering  is  to  be  regarded  as  an  exaggeration  of  the  cuticle 
found  in  Annelids,  and  it  is  called  an  Exosketeton  in  order  to 
distinguish  it  fi-om  the  internal  framework  of  hard  parts  found  in 
the  Vertebrata, 


t  to  be  confused  with  the  larva  of  a  beetle,  Elater  linealus,  which 
"  wire-worm  "  hy  the  British  agricultnraliat. 
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A.  The  anterior  portion  ot  the  body  of  a  Drftgon-fiy,  Aetchna  eyanea,  freed 
from  the  larval  sbell.  B.  The  tail  being  extricated.  C.  The  whole 
body  extricated.  D.  'nie  perfect  insect,  the  wings  having  acquired 
their  fall  dimensions,  reeUng  to  dJ?  itself,  pieparatory  t«  the  wiogB  being 
horizoDtallf  extended. 

Were  this  hard  exoskeleton  of  the  same  consistency  all  over  the 
body  it  would  be  impossible  for  the  animal  to  bend  its  body  or  to 
move  at  all,  but  at  certain  spots,  as  may  be  well  seen  between  the 
segments  of  a  Centipede  or  between  the  members  of  a  Beetle's  legs, 
the  exoskeleton  has  remained  soft,  like  the  leather  joints  in  a  suit 
of  mail-armour,  and  thus  a  certain  amount  of  flexibility  is  given  to 
the  whole  body;  for  instance  the  Armadillo  wood-louse  and  the 
PiU-millipede  can  roll  themselves  up  into  spherical  balls. 

Not  only  is  a  hard  exoskeleton  a  hindrance  to  unlimited  move- 
ment but  it  also  interferes  with  growth.  It  is  im- 
possible to  increase  in  size  when  shut  up  in  a  hard 
unyielding  case.  Now  growth  is  one  of  the  common  characters  of 
all  animals,  and  the  way  the  obstacle  presented  by  the  exoskeleton 
of  Arthropods  to  growth  is  overcome  is  as  follows.  At  certain 
stated  times  the  outer  skin  or  ectoderm  of  the  animal  loosens  itself 
from  the  inside  of  the  cuticle  or  investment,  which  splits  or  cracks, 
usually  along  the  middle  of  the  back;  through  the  opening  thus 
formed  the  body  of  the  animal  begins  to  appear,  and  gradually 
withdrawing  each  limb  from  its  case,  it  works  its  way  out.  The 
exoskeleton  thns  cast  off  forms  a  most  accurate  mould  of  the  ani- 
mal which  has  left  it,  and  even  includes  those  portions  which  are 
folded  in  at  the  mouth  and  anus,  and  other  openings  of  the  body. 
A  dragon-fly  emerging  and  freeing  itself  from  its  cast  skin  is  shown 
in  Figure  50. 

*  The  skin  of  the  animal  when  it  steps  out  of  its  old  casing  is 
quite  soft,  and  it  remains  30  for  a  varying  time,  a  few  hours  in  the 
case  of  some  insects,  one  to  three  days  in  a  Cray-fish.  During  this 
period  the  animal  grows.  After  a  longer  or  shorter  time  during 
which  the  body  remains  soft  and  capable  of  extension  the  secretions 
of  the  skin  commence  to  harden,  and  very  soon  the  animal  is  ^ain 
enveloped  in  a  hard  case  which  rapidly  assumes  the  colour  and 
appearance  appropriate  to  the  species  in  question. 

This  moulting  of  the  skin  in  the  Arthropoda  is  termed  the 
ecdysis.  It  takes  place  at  more  or  less  regular  times  in  each 
species,  in  the  Cray-fiah  three  or  four  times  or  even  oftener  during 
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the  first  year,  the  period  of  most  active  groivth,  later  but  once 
annually,  usually  about  ^lidsumnier ;  the  Cockroach  moults  three 
times  during  the  first  year,  after  which  the  moults  are  annual,  but 
it  does  not  become  adult  till  after  the  seventh  ecdy sis,  when  it  is 
four  years  old. 

If  we  further  examine  our  wood-louse, 
Diviiiom  si  centipede,  beetle,  and  spider, 
°™'J'  we  shall  notice  at  once  that 

they  are  all,  like  the  Annelids,  bilaterally 
symmetrical ;  and  it  may  as  well  be  stated 
at  once  that  with  few  exceptions  this  is 
trae  of  the  internal  organs  as  well  as  of 
the  exoskeleton.  Another  feature  com- 
mon to  them  all  is  that  they  possess 
jointed  limbs  or  appendages.  These  may 
occur  in  all  the  segments,  as  in  the  wood- 
louse  and  centipede,  or  the  limbs  may  be 
reduced  in  number  and  confined  to  defi.- 
nite  regions  of  the  body,  as  in  the  beetle 
and  spider,  but  they  always  exist  and  are 
always  jointed. 

In  the  body  of  the  centipede  we  can 
recognise  but  two  regions  (Fig.  51),  a  head 
and  a  trunk;  the  trunk  consisting  of  a 
number  of  segments,  the  head  apparently 
of  a  single  rounded  one,  whose  really 
composite  nature  is  shown  by  the  fact 
that  it  carries  not  one  but  several  pairs 
of  appendages. 

The  same  may  be  said  of  the  wood- 
louse  (Fig.  70),  though  here  the  trunk  is* 
divisible  into  two  parts  by  the  character 
of  the  appendages.  The  anterior  part  or 
thorax,  bears  walking  legs,  the  posterior 
part  or  abdomen,  plate-like  appendages 
which  act  as  respiratory  organs.  In 
neither  of  these  creatures  nor  in  the  spider  is  there  any  constriction 
between  the  head  and  the  trunk,  that  is  to  say  there  is  no  neck. 
In  the  beetle  however  there  is  a  well-marked  neck  sepai'ating  the 
head  from  the  I'est  of  the  body.  The  three  following  segments  in 
the  beetle  ai'e  again  separated  from  those  which  come  after,  and 


Fio.  SI.  A  centipede,  L(- 
lAobiiis  furjiciUua.  Dor- 
sal aspect  X  12. 

1.  Antennae.  2.  Poison 
clawH,  6tb  pair  of  ap. 
penda^ies.  4.  First  pair 
of  walking  legs. 
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form  what  is  called  the  thorax.  This  part  bears  the  three  pairs 
of  walkiug  limbs  and  the  two  paira  of  wings.  The  hindermost 
segments,  often  ten  in  number  in  insects,  constitute  the  abdomen ; 
this  part  of  the  body  is  devoid  of  jointed  limbs,  though  doubtless 
the  ancestors  of  insects  ouce  possessed  them  on  all  the  segments. 


Fig.  52.     A  Male  Cockchafer,  Mrtolontha  vulgaris.  Been  from  above,  slightly 

enlai^ed.     After  VogC  aiid  Yang. 
1.    Head,  stretched  forward.  2.    Prothorax.  3.    Mesotborax. 

4.    Meiathorai.         5,    Abdomen,  6.    Anterior  wing  (elytron)  of  rigbt 

side,  turned  forward.  7.    Posterior  wing  of  rigbt  side,   expanded. 

8.    Maxillary  palpa.       9.   Femur  of  third  right  leg.       10.   Tibia  of  third 

right  leg.         11.    TaTBUB  of  third  right  leg. 

In  the  Insecta  the  abdomen  may  be  constricted  off  from  the 
thorax  as  it  is  in  wasps  (Fig.  95),  or  there  may  be  no  constriction. 
If  we  now  turn  to  the  spider  we  shall  see  that  the  division  of  the 
body  into  regions  has  gone  along  different  lines,  and  we  can  only 
recognise  two  principal  parts,  a  so-called  cephalo-thorax  or 
prosoma  to  which  all  the  appendages  are  attached,  and  a  stalked 
abdomen  or  fused  meso-  and  meta-soma  liehind,  devoid  of  ob- 
vious limbs,  though  certain  little  knobs  at  its  hinder  end,  from  the 
summit  of  which  are  spun  out  the  silken  threads  used  in  making 
the  web,  have  been  shown  to  be  rudimentary  limbs.  The  abdomen 
has  lost  all  trace  of  external  segmentation.  In  the  harvestmen  — 
Phalangids  —  long-legged  creatures  resembling  spiders,  found  only 
during  the  summer  months,  the  constriction  between  the  cephalo- 
thorax  and  al)domen  is  absent,  but  the  latter  is  distinctly  divided 
into  segments  (Fig.  103). 

Thus  in  the  Arthropods  the  body  is  divided  into  segments,  and 
these  segments  are  not  all  equal  and  alike,  but  they  have  become 
variously  moditied,  and  some  of  them  have  fused  together,  as  in  the 
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head  of  insects,  and  the  abdomen  of  spiders,  so  that  certain  regions 
of  the  body  may  be  distinguished,  and  this  is  one  of  the  most 
characteristic  features  of  the  group. 

In  all  Arthiopoda  certain   of  the  appendages  hare  lost  the 

function    of    locomotion    and    are    bent    round   and 

brought    into    connection    with   the  mouth.     These 

mouth  or  oral  appendages  assist  in  catching  and  holding  the  food, 

and  to  some  extent  in  biting  and  tearing  it  into  small   pieces. 

With  the  exception  of  the  Arachnida,  in  which  the  arrangement 


is  somewhat  different,  and  of  Peripattts,  which  has  only  one  pair  of 
jaw-limbs,  the  firstpairof  oral  appendages  is  termed  the  mandible, 
the  second  is  thefirst  maxilla,  aud  the  third  the  second  maxilla; 
the  last-named  however  in  the  Myriapoda  retains  the  appearance  of 
a  walking  leg,  although  too  short  to  be  used  for  walking.  On  the 
other  hand  in  Crustacea  a  varying  number  of  the  appendages  im- 
mediately succeeding  the  second  maxilla  are  often  turned  forward 
and  assist  in  the  feeding.  ^Vhen  this  is  the  case  they  are  termed 
maxillipedes  (Figs.  54  and  56). 
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The  modification  wbicli  all  these  appendages  undei^o  is  similar 
in  kind.  The  first  steles  of  it  are  seen  in  the  Arachnida.  Here 
the  first  pair  of  appendages  is  always  a  pair  of  little  claws  placed 
in  front  of  the  mouth,  the  last  joint  shutting  down  on  the  next 
division  of  the  limb  like  a  knife-blade 
on  the  handle.  After  this  pair  come 
others,  more  leg-like,  of  which  some- 
times all,  and  in  any  case  one  pair  have 
inwardly  directed  projections  on  their 
lowest  joints  termed  gnathobases, 
BO  that  when  the  limbs  are  brought 
together  they  act  like  a  pair  of  nut- 
crackers (Fig.  56).  Or  to  take  {mother 
example,  as  we  pass  from  the  segment 
of  the  Cray-fish  or  of  a  OammaT-us 
which  bears  the  great  claws  forwards 
through  the  maxillae  to  the  mandible 
we  find  the  outer  parts  of  the  limb 
dwindling  in  size,  and  the  basal  pro- 
jection growing  bigger  (Figs.  64  and 
56).  In  the  mandible  only  a  minute 
rudiment  of  the  other  joints  remains, 
and  is  called  the  palp.  In  the  mandi- 
ble of  the  insect  even  this  has  disap- 
peared. Limbs  which  have  imdergone 
these  characteristic  changes  are  called 
gnathites  (Gr.  yvaSoi,  a  jaw). 

If  we  out  open  the   body  of  an 

cmvitio         Earthworm,  a  Stai-fish  or 

o(  Body.  a  Vertebrate,  we  lay  open 
a  chamber  in  which  the  alimentary 
canal  and  many  other  organs  appar- 
ently lie.  This  chamber  is  the  eoelom 
or  primary  body  cavity,  which  has  no  connection  with  the  blood 
system,  though  amoebocyt«s  float  in  the  fluid  it  contains.  If  we 
cut  open  the  body  of  an  Arthropod  or  of  a  Mollusc  we  also  open 
up  a  chamber  which  may  be  spacious,  as  in  an  Insect  or  a  Snail,  or 
which  may  be  much  reduced  and  filled  up  by  the  various  organs  of 
the  body  and  by  muscles,  as  in  a  Cray-fish  or  a  Mussel.  This 
cavity  however,  as  development  shows,  is  not  similar  in  its  nature  to 
the  eoelom  of  an  Earthworm  or  a  Vertebrate,  and  it  further  differs 


Fra.  64.    The  mouth  uppend- 

ages  of  Oammarua  negteetaa. 
From Leuckart  and  Nilache, 
after  G.  0.  Sara. 

1.  The  left  mandible, 

2.  Itapalp. 

3.  Ist  maxilla  of  left  aide. 

4.  2nd  maxilla  of  left  side. 

6.  Maiillipedeof  each  side  to- 
gether forming  ao  under  lip. 
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in  that  it  contains  blood  and  is  continuouB  with  the  cavity  of  the 
heart  and  large  blood-vessela.  A  special  name  has  been  given  to 
this  cavity  and  it  is  termed  the  Haemocoel  (blood-cavity).  The 
presence  of  this  secondary  body-cavity  or  Haemocoel  instead  of  a 
(Joelom  introduces  at  once  a  peculiarity  in  the  physiology  of  the 
circulation  of  the  Arthropoda  and  Molluscs.  Instead  of  the  oxygen- 
bearing  and  food-carrying  blood  being  conveyed  all  over  the  body 
in  minute  capillaries  which  ramify  in  every  part  of  every  tissue,  in 
the  animals  in  question  the  tissues  are  floating  in  and  bathed  by 
the  blood,  which  surrounds  the  organs  on  all  sides,  and  is  kept  in 
action  by  the  contraction  of  a  muscular  tube  —  the  heart  —  which 
opens  freely  into  the  body-cavity  or  Haemocoel, 

A  true  coelomic  cavity 
(as  is  proved  both  by  its 
origin  and  its  relation  to 
the  excretory  and  repro- 
ductive organs)  is  however 
found  in  Arthropods  in  the 
cavities  of  the  reproductive 
organs  (Fig.  67)  and  in 
certain  vesicles  connected 
with  the  inner  ends  of 
some  of  the  excretory 
\  organs,  such  us  ai-e  found 

Fio,  66.     Pedipalp  of   Tei/ennria  guyoaii,       in     the     coxal      glands      of 
the  largt  house-spider.  Araclmids.     It  is  however 

1.     Coxa.        2.     Ma»[lla,  Ihe  gnalhobase.       oi,viotiqlv     mnrh      rpducpil 
3.  Trochanter.    4.  Femur.    6.  l-atella.       Ot""Oll3ly     mucn      reauce.l 
8.  Tibia.    7.  Taraas.    B.  Palpal  oi^an.      and    takes  a  smaller   part 
in   the  economy  of    these 
animals  tluin  it  does  for  instance  in  the  Annelida  or  Echinodermata. 
The  skin  of  an  Arthropod  like  that  of  an  Earthwonn  includes 
Skin  and  Con-  "*'''  0"'y  ^^^  ectoderm,  but  a  firm    support    for   tlie 
nee«»e Tiiiue.   game  called  the  derm  is,     The  dermis  in  this  case  is 
formed  of  well-developed  connective  tissue,  and  this  tissue  also 
forms  an  investment  for  every  organ  in  the  body,  so  that  as  Huxley 
remarks,  if  all  the  organs  were  dissolved  away  there  would  remain 
a  complete  east  of  them  in  connective  tissue.     The  same  statement 
is  true  of  MoHusca  and  Vertebrata:  it  is  therefore  important  to 
obtain  a  clear  idea  what  connective  tissue  is. 

Its  groundwork  is  a  jelly-like    secretion   intervening  between 
ectoderm  and  mesoderm,  or  mesoderm  and  eudoderm,  and  therefore 
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to  some  extent  comparable  ^v'ith  the  structureless  lamella  of  Hydra 
or  the  jelly  of  a  Kledusa.  Into  this  substance  cells  ave  budded 
from  the  adjacent  layers,  chiefly  from  the  mesoderm.  These  cells 
add  to  the  secretion,  in  which  fibres  soon  make  their  appearance, 
crossing  each  other  at  various  angles-  These  fibres  are  to  be 
looked  on  as  more  or  less  solid  precipitates.  The  cells  are  found 
often  flattened  against  them  and  connected  with  neighbouring  cells 


^ 


Fio.  60.  Left  moutti  appendages  of  Astacus  Jtuvialilis^  sli^btly  magnified.    The 

other  appendages  are  shown  io  Fig.  60, 
I.     Mandible.         II.     First   maxilla.        III.     Second   maxilla.        IV.     First 

maiiiliped.  V.     Second   maxilliped.  VI.     Third   maiilliped. 

en.     Endopodile.         ex.     Eiopodite.        ep.     Epipodile.        at  <C  tp  in  III 

form  the  Scapbognatbite.        1.    Gills. 

by  delicate  protoplasmic  threads.  The  connective  tissue  round 
the  ends  of  a  muscle  is  modified  to  form  tendon.  Here  the 
fibres  all  pursue  a  parallel  course  and  great  tensile  strength  is 
the  result 

Observation   of   developement   shows   that  connective  tissue, 
haemocoel,  and  blood-vessels  all  generally  arise  from  the  same 
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ludiment  in  the  embryo,  which  may  be  compared  to  the  jelly  of 
Coeleiiterata.  Blood  is  a  portiou  of  it  where  the  jelly  is  fluid, 
the  fibres  are  not  developed  and  the  amoebocytes  remain  mobile. 
In  connective  tissue  the  jelly  becomes  more  solid,  fibres  are  de- 
veloped and  the  amoebocytes  become  stationary,  being  converted 
into  the  so-called  connective-tissue  corpuscles.  It  ia  int-eresting  to 
note  that  under  the  abnormal  circumstance  a  of  a  wound  the  blood 
of  many  animals  can  develope  fibres ;  this  property  causes  what  ia 
known  as  clotting. 


The  muscular  system  of  the  Arthropoda  is  highly  modified  as 
The  Muieuiif  Compared  with  the  primitive  arrangement  found  in 
Syitem.  ^]^g    Annelida.      Instead   of  a  continuous    sheath   of 

muscle  there  are  special  bundles  of  muscular  fibres  for  the  purpose 
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of  moving  the  various  hard  parts  on  one  another,  Baeh  joint  of 
each  limb,  for  instance,  is  provided  with  a  pair  of  muscles  which 
move  it  on  the  next  joint  One  of  these  is  called  the  flexor,  or 
bender,  and  the  other  the  eaiensor,  or  straightener.  Here  as  ia 
Annelida  the  muscles  are  derived  from  g 

epithelial  cells,  but  all  trace  of  this 
origin  is  lost  in  the  adult.  In  the 
muscle-cell  in  many  cases  the  nucleus 
has  divided,  giving  rise  to  several  nuclei 
which  are  surrounded  by  unmodified 
protoplasm.  All  the  rest  of  the  proto- 
plasm is  converted  into  fibrillae  which  ' 
consist  of  alternately  dark  and  light 
stretches.  Such  muscles  are  said  to  be 
striped,  and  they  have  the  power  of 
contracting  with  much  greater  rapidity 
than  muscles  of  the  type  found  in 
Annelida.  Muscles  of  the  latter  kind 
are  called  smooth  muscles,  and  in 
Arthropoda  exist  in  the  wall  of  the 
gut  and  some  other  places. 

The  nervous  system  of  the  Arthro- 

Nervoua      P*"!*   '^   tniilt   upon   the 

Syitcm.  s&me  plan  as  that  of  the 
Annelids.  It  consists  in  its  least 
modified  form  of  a  pair  of  closely  ap- 
proximated supra-oesophageal  ganglia 
forming  a  brain  situated  in  front  of  the 
mouth,  in  the  head  in  Insects,  and  in 
the  anterior  part  of  the  body  in  those 
Arthropods  which  have  no  distinct 
head.  This  brain  supplies  nerves  to 
certain  sense  organs,  and  gives  off  two 
stoiit  cords,  one  of  which  passes  to  the 
left,  and  the  other  to  the  right  of  the  oesophagus.  These  para- 
oesophageal  {Gr.  napa,  alongside)  cords  unite  together  behind  the 
oesophagus,  and  where  they  unite  they  form  a  pair  of  sub-oesophageal 
ganglia  which  send  nerves  to  some  or  all  of  the  mouth  appendages 
(Figs.  57  and  68).  Behind  this  comes  a  chaiu  of  ganglia,  normally 
one  pair  for  each  segment,  which  supply  nerves  to  the  organs  and 
appendages  of  the  segment  in  which  they  lie;   each  pair   being 


E'to.  68.  View  o(  uervoiu  sys- 
tem of  the  Cockchafer,  Jtfei- 
olonlha  vulgaris.  Afl«r 
Vogt  and  Yung. 

1.  Cerebral  ganglion. 

2.  Sub-oesophageal  ganglion. 

3.  1st  ihoriLcic  ganglion. 

4.  2nd  thoracic  ganplion. 

5.  3rd  thoracic  jianglion. 

6.  Fused  abdominal  ganglia. 


8.  Optic   nerves.     9.    Origin 

of  sympathetic  nerves. 
10.  Abdominal  nerves,  a  pair 
to   each    segment,    which 
split  into  an  anterior  and 
posterior  branch. 
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connected  with  their  euccessors  by  a  double  nerve-cord.     These 

ganglia  do  not  always  remain  distinct,  but  show  a  tendency  to  fuse 
together.  Thus  in  the  Cray-fish  for  instance  the  supra-oesophageal 
ganglion  (Fig.  00)  is  shown  by  its  developement  to  be  formed  by  the 
fusion  of  several  pairs  of  ganglia;  and  the  mandibles  and  both  pairs 
of  maxillae  arc  supplied  from  a  single  ganglionic  mass,  the  sub- 
oesophageal  ganglion,  which  is  the  result  of  the  fusion  of  three 
primitive  ganglia;  again  in  some  Flics  and  in  Spiders  all  the 
ganglia  behind  the  mouth  have  fused  into  one  large  nervous  mass 
situated  in  the  thorax.  This  fusion  takes  place  to  a  less  extent  in 
some  beetles;  for  instance  in  the  Cockchafer,  Melolontha  vulgaris, 
the  thoracic  ganglia  remain  distinct,  but  the  abdominal  have  fused 
into  one  mass  which  has  been  drawn  up  into  the  thorax  (6,  Fig.  58). 
The  Crustacea  are  normally  provided  with  two  pairs  of  long 
feelers  or  antennae  (though  occasionally,  as  in  the  case  of  the  Wood- 
louse,  one  pair  may  be  entirely  lost)  and  the  Insects  and  Centipedes 
have  a  single  pair,  very  conspicuous  in  some  Butterflies  and  Beetles. 
These  are  organs  of  touch  and  frequently  of  smell ;  and  in  some 
cases,  such  as  the  Lobster,  they  also  act  as  hearing  organs.  They 
are  supplied  with  nerves  from  the  brain.  No  such  antennae  esist 
in  the  Spiders  or  Mites,  and  this  serves  at  once  to^istinguish  the 
Arachnids  from  the  other  two  classes. 

The  eyes  of  Arthropoda  are  peculiarly  modified  areas  of  the 
ectoderm.  Over  a  certain  area  some  of  the  ecto- 
derm cells  become  modified  into  visual  sense-cells. 
In  these  there  is  a  gelatinous  rod  developed  from  the  outer  end 
of  the  cell,  and  situated  on  the  one  side  of  it  (Fig.  59  a)  ;  whilst 
from  the  base  of  the  cell  a  nerve-fibre  is  developed.  Usually 
several  visual  cells  are  pressed  together  in  such  a  way  that  their 
rods  cohere,  and  in  this  way  a  fluted  spindle-shaped  rod  termed  the 
rhabdome  is  built  up  (Fig.  59  e).  Other  cells  of  the  visual  area 
remain  as  supporting  cells,  being  longer  than  the  surrounding  ecto- 
derm cells  but  otherwise  unmodified.  Pigment  —  without  which  no 
vision  can  take  place  —  is  secreted  either  by  these  cells  (4,  Fig.  59  a) 
or  by  amoebocytes  which  have  wandered  out  from  the  underlying 
dermis  (8,  Fig.  69  b).  The  cuticle  covering  the  visual  area  becomes 
transparent  and  greatly  thickened,  and  so  acts  as  a  condensing 
apparatus  or  lens.  In  the  larger  eyes  each  group  of  visual  cells 
secreting  a  rhabdome  is  sharply  marked  off  from  the  rest  and  covered 
by  a  separate  lens  or  thickening  of  the  cuticle.  Such  a  group  is 
termed  a  ret  inula;  and  as  it  is  surrounded  by  a  sheath  of  pigment, 
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it  can  only  be  affected  by  light  coming  from  ao  object  directly  in 
front  of  it  and  propagated  parallel  to  its  axis.  Hence  to  an 
Arthropod  possessing  an  eye  with  many  retinulae  the  outer  world 
will  be  presented  as  a  mosaic  of  light  and  shade,  each  retinula  giving 
an  impression  depending  on  the  intensity  of  light  in  the  field  of  view- 
directly  in  front  of  it.     Such  a  mosaic  is  an  image,  and  tbis  im^e 


®' 


Fio.  59. 

A.  Vertical  section  throuRli  a  lateral  eye  of  a  Scorpion,  Evacorphis  UaUciia. 
B.  Dlaftraiii  of  retinula  of  a  Koorpion's  central  eye.  C.  IJ.  E.  Trans- 
Terse  section  of  B  taken  at  different  levels.     From  Lankesler  and  Bourne. 

1.  Cuticular  lens.  2.  Epidermis  of  the  general  body-surface.  3.  BsEe- 
ment  membrane.  4.  Epidermal  ceils  which  contain  pigment.  6.  Kerve 
end  cells  ivith  nuclei.  (1.  Rhabdome.  7.  Fibres  of  optic  nerve. 
8.  Pigment  contained  in  connective  tissue  cells. 

will  be  obviously  the  more  detailed  and  definite  the  greater  the 
number  of  retinulae.  Hence  in  some  Arthropods  of  acute  vision, 
such  as  the  common  Fly,  the  eyes  cover  the  greater  part  of  the 
head.  Eyes  with  numerous  well-defined  retinulae  are  known  as 
compound  eyes;  and  they  usually  present  the  appearance  of 
numerous  facets  of  hexagonal  outline,  owing  to  the  fact  that  there 
is  a  lens  corresponding  to  each  retinnla.    In  many  caaes  the  retinula 
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1.  Antennole.  2.  Antenna.  3.  Mandible.  4.  Mouth.  6.  Scale 
or  Bquama  of  antenna,  ezopodiie.  6.  AnuB.  7.  Telson.  8.  Opening 
ot  vas  deferens.  9.  Chela.  10.  1st  walking  leg.  11.  2nd  walking 
leg.  12.  3rd  walking  leg.  13.  4th  walking  leg.  14.  Ut  abdominal 
leg,  modified.  16.  2nd  abdominal  leg,  slightly  modified.  10.  8rd 
abdominal  leg.         IT,     4th  abdominal  leg.         18.     5th  abdoniinal   leg. 

19.  6th  abdominal   leg,   forming  with  ttlson   the   swimming  [«ddle. 

20.  Oesophagus.  21.  Stomach.  22.  Mesenteron,  mid-gut. 
23.  Cervical  groove.  24.  Intestine.  26.  Cerebral  ganglion. 
26.  Para-oesopbageal  cords.  27.  Ventral  nerve-cord.  28.  Eye. 
29.  Heart.  30.  Swmal  artery.  31.  Supra-intestinal  artery. 
32.  Sub-inteetinal  artery  in  abdomen.  33.  Sub-Intestinal  artery  in 
thorax.  34.  Ophthalmic  artery,  36.  Antennary  artery.  36.  HepatJc 
artery.  37.  Testis.  38.  Vas  deferens.  39.  Internal  skeleton. 
40.    Gieen  gland.       41.    Bladder.      42.   External  opening  of  green  gland. 

is  depressed  beneath  the  general  surface,  aad  the  adjacent  ectoderm 
cells  meet  above  it.  These  cells  secrete  clear  glassy  rods  which 
cohere  to  form  a  crystalline  cone.  This  also  happens  in  some 
simple  eyes,  such  as  the  central  eyes  of  the  Spider;  here  the  clear 
rods  remain  unconnected,  and  the  whole  upper  layer  of  ectoderm 
cells  is  known  as  the  vitreous  layer.  In  the  Cray-fish  the  compound 
eyes  are  carried  on  the  ends  of  moveable  eye-stalks ;  and  in  Spiders 
the  eyes,  which  in  these  animals  are  always  simple,  are  sometimes 
elevated  on  a  little  prominence,  like  a  lighthouse,  borne  on  the  head 
and  thorax.  The  number  and  position  of  the  eyes  in  the  Spiders 
are  points  of  great  use  in  identifying  the  various  species. 

As  a  rule  the  alimentary  canal  of  the  Arthropods  is  about  as 
DicMtive  '*>"S  ^  ^^3  body,  so  that  it  is  straight;  the  Insects 
*"**  however  form  an  exception  to  this  rule,  since  in  their 

case  the  canal  is  longer  than  the  body,  and  consequently  has  to 
be  coiled  or  twisted  in  order  to  tuck  it  away  in  the  limited  space. 
It  was  mentioned  above  that  the  chitinous  exoskeleton  of  Arthro- 
pods is  tucked  in  at  both  the  mouth  (stomodaenm  or  fore-gut) 
and  anus  (proctodaeum  or  hind-gut),  and  in  many  this  lining 
extends  so  far  in  as  to  leave  but  a  small  part  of  the  alimentary 
canal  free  from  it  In  some  species  the  hinder  end  of  the  stomo- 
daeum  secretes  deposits  of  chitin,  as  in  the  cockroach,  or  is 
hardened  by  calcareous  deposits,  as  in  the  lobster  or  cray-fish,  and 
thus  teeth  are  formed  which  lie  inside  what  has  been  termed  the 
stomach  or  gizzard.  When  the  moult  or  ecdysis  of  the  shell  takes 
place  the  linings  of  the  fore-  and  hind-gut  are  also  cast  off. 

The  presence  of  chitin  lining  parts  of  the  alimentary  canal 
serves  to  discriminate  those  parts  of  the  canal  which  are  to  be 
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looked  on  as  merely  parts  of  the  skin — the  stomodaeum  and 
proctodaeum — from  the  true  endoderm.  The  stomodaeum  is  usually 
divided  into  a  narrow  portion  leading  from  the  mouth,  called  the 
oesoph^^us  (20,  B'ig.  60),  and  an  expanded  portion  containing  teeth, 
called  the  stomach  (21,  Fig.  60).  The  proctodaeum  is  usually  a 
straight  cylindrical  tube,  called  the  intestine  (24,  Fig.  60).  The 
small  piece  intervening  between  them  is  called  the  Mid-gut  or 
Mesenteron;  it  alone  corresponds  to  the  human  gullet,  stomach, 
and  intestine,  and  to  the  whole  alimentary  canal  of  a  worm  behind 
the  pharynx.  In  it  digestion  is  carried  on,  and  into  it  opens  the 
so-called  liver,  one  pair  —  rarely  more — of  glands  consisting  of 
great  tufts  of  branching  tubes  lined  by  yellowish-brown  cells.  These 
secrete  a  fluid  that  assists  in  digestion.  The  food  passes  in  part 
into  these  glands  and  some  of  it  is  there  digested. 

In  most  animals  the  heart  is  a  muscular  sac  which  opens  into  a 
ciicuiatorr  System  of  tubes  with  innscular  walls,  called  arteries, 
■pjuraiui.  through  which  blood  is  driven  to  all  parts  of  the 
body,  finally  passing  into  narrow  tortuons  passages,  the  so-called 
capillaries,  whence  it  reaches  the  thin-walled  veins  through  which 
it  returns  to  the  heart.  Thus,  excepting  such  fluid  as  soaks  through 
the  thin  walls  of  the  capillaries,  the  blood  is  entirely  confined  within 
definite  channels  which  do  not  open  into  the  body-cavity.  But  in 
the  Arthropods  the  state  of  things  is  different ;  the  heart  (Figs,  60 
and  101),  which  lies  in  the  middle  line  just  below  the  skin  of  the 
back,  opens  by  a  series  of  slits  called  ostia  into  the  body-cavity  ' 
(haemocoel),  and  when  the  heart  expands  the  blood  which  is  iu  the 
body-cavity  enters  these  sHts,  but  cannot  pass  out  again  through 
them  when  the  heart  contracts,  as  each  slit  has  a  valvular  arrange- 
ment which  prevents  this.  When  the  heart  contracts  the  blood  is 
therefore  forced  forwards  and  leaves  the  heart  by  a  vessel  —  the 
aorta  —  or  by  veasela  with  various  names,  which  sooner  or  later 
open  again  into  the  haemocoel,  and  so  the  circuit  is  complete. 
The  part  of  the  haemocoel  in  which  the  heart  lies  and  int«  which 
the  ostia  open  is  called  the  pericardium,  and  is  separated  from 
the  remainder  of  the  haemocoel  by  a  horizontal  septum  called  the 
pericardial  septum,  in  which  however  there  are  perforations.  The 
pericardium  of  Arthropoda  thus  contains  blood,  and  is  consequently 
widely  different  from  the  pericardium  of  Mollusca  or  Vertebrata, 
which  is  in  both  cases  part  of  the  coelom. 

In  those  Arthropods  which  have  a  localised  respiratory  system, 
and  where  the  blood  takes  part  iu  respiration,  there  is  a  more 
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definite  course  for  the  blood  than  that  sketched  above.  The 
extent  to  which  blood-vessels  with  definite  walls  are  developed 
varies  in  the  different  members  of  the  group ;  thus  the  Scorpion  and 
King-crab  have  a  much  more  specialised  circulatory  system  than 


Pio.  61. 
A.  Left  side  of  n  Larva  of  the  Prawn,  Penaeue,  to  show  the  origin  of  the 
gills.  Slightly  magnifled.  From  Claus.  L|  to  Li.  The  first  to  tilth 
ambulatory  Hmbs.  M,  to  Mi.  The  flrst  to  third  maxilUptda.  la,  2a,  3a, 
7a.  Fodobranchs.  lb,  6b,  Anterior  arthrobranchs.  Ic,  2c,  7c.  Pos- 
terior arthrobranchs.  Id,  6d,  7d.  Pleurobrancha.  Of  these  rudiments 
of  gills  only  nineteen  develope.  B.     Left  side  of  a  fully-grown  I'rawn, 

Pen/lent  trmlculcalus,  to  show  fully-gronn  glUs.  Slightly  magnified. 
B.  Kxopodite  of  second  maxilla,  which  flaps  to  and  fro  and  bo  causes  a 
current  over  tbe  gills.       9.    Exopodit«  of  fourth  ambulatory  limb. 

have  the  Spider  and  Mites.     The  blood  is  very  rarely  red,  but 
is  usually  slightly  tinged  with  a  greenish  or  bluish  colour. 

In  the  lower  and  more  simply  organised  Cmstacea,  such  as  the 
BcapintoiT  watcT-fleas,  there  are  no  special  breathing  organs,  but 
•pp"™""-        the  blood  is  able  to  absorb  its  oxygen  and  give  off  its 
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carbonic  acid  as  it  courses  under  the  thin  skin.     But  in  the  larger 
and  more  complicated  Crustacea,  such  as  the  shrimp  and  lobster,  a 
special  apparatus  ia  present  in  the  form  of  gills.     These  gills  are 
thin-walled  extensions  of  the  skin  which  project  from  the  surface 
of  the  body  near  the  base  of  the  limb  or  on  the  side  of  the  thoras, 
into  the  surrounding  water ;  inside  them  the  blood  flows  to  and  fro, 
and  a  current  of  water  washes  them  ou 
the  outside.     The  gills  are  classitied 
according  to  their  point  of  origin,  being 
termed  pod obrancha(la,Fig.Cl)  when 
they  arise  from  the  proximal  joint  of 
the  limb,  arthrobranchs{lb,  Fig.  61) 
when  they  are  outgrowths  of  the  thin 
membrane    forming    the    articulation 
between  the  appendages  and  the  body, 
andpleurobranchs(ld,Fig.Cl)when 
they  arise  from  the  side  of  the  body 
above  the  insertion  of  the  appendage. 
In  order  to  increase  the  surface  of  the 
gill,  it  is  usually  much  folded  or  pro- 
duced into  a  number  of  small  processes. 
1  lobster  the  gills  are  borne  on  the 
sides    of    the  c«phalo-thorax,  as  the 
There 


Fio.  62.  View  of  male  Cock- 
chafer, ileloloHlha  vulgarin, 
from  which  the  dorsal  iiitegu. 
meiit  and  heart  have  been  re- 
moved tJ)  show  the  inlemaJ 
organs.  After Vogtand  Yung. 

1.  Cerebral  gangh 
thoracic  ganglio 
andSrdthoracicganglia  fused. 
4.  Fused  abdominal  ganglia. 

6.  Oesophagus.     0.  Mid-gut. 

7.  Small  inteetine.  8.  Colon. 
e.  Rectum.     10.  Malpigblf 


-    1^   fused  head  and  thorax  is  called, 

■  are  twenty  on  each  side,  and  they  are 

protected  from  injury  by  a  broad  flap 

called  the  branchiostegite,   which 

haa  grown  down  from  the  back  and 


tubules,  brown  portion,  with    -  ,        llui.  •i.u:       i 

caeca.  11.  Malpighian  tu-  formed  a  chamber  between  itself  and 
buLes,  dlsial  end.  12,  Trachea    the  side  of  the  body ;  in  this  cavity  the 

Cl~r„'ScolM  V  J^St  sill-  li«  """"M-  A'  'l"  «»"'  »■! 
rentia.  14.  Penis.  16.  Single  of  this  chamber  lies  a  small  paddle  or 
vas  deferens.  scaphognathite,  a  part  of  the  second 

maxilla  {Fig.  56  rii),  which  throws  out  the  water  from  the  front 
end  of  the  gill  chamber  two  or  three  times  every  second  and  thus 
keeps  a  current  of  fresh  water  passing  into  this  space  behind.  This 
may  be  easily  demonstrated  by  adding  some  coloured  granules,  such 
as  carmine  or  indiaji-ink,  to  the  water  in  which  lobsters  are  living. 

Many  of  the  Arthropoda  breathe  air,  and  their  respiratory 
mechanism  is  very  peculiar  and  unlike  anything  else  in  the  animal 
kingdom.     Instead  of  the  blood  being  taken  to  a  gill  or  lung  and 
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there  purified  and  then  driven  with  its  oxygen  all  over  the  body  to 
every  organ  and  tissue,  the  air  itself  is  introduced  into  the  body  and 
la  carried  by  minute  tubules  to  every  tissue  and  cell  (12,  Fig.  62). 
Thus  iu  these  animals  the  blood  has  lost  one  of  its  main  functions  — 
the  respiratory  —  and  remains  simply  a  nutritive  fluid.     The  fine 
tubules  through  which  the  air  travels  ai'e  termed  tracheae  (Gr, 
Tpaxw,  rpaxtia,  rough,  Corrugated),  and  the  three  groups  of  Myria- 
pods,  Arachnids,  and  Insects  are  sometimes  collectively  termed  the 
Tracheata,  in  contradiatioction  to  the  Crustacea,  though  there  is 
reason  to  believe  that  the  tracheae  in  Arachnida  have  arisen  in  a 
different  way  to  those  in  the  other  two  groups.    The  tracheae  open 
to  the  exterior  at  certain  definitely  arranged  pores  termed  stigmata, 
usually  found  at  the  sides  of 
the  body.    From  these  pores 
the  tracheae   pass  inwards, 
dividing    into    smaller    and 
smaller  branches  which  ulti- 
mately end   iu  the  various 
tissues.       Each    trachea   is 
really  a  pouch  of  skin  tucked 
into  the  body,  and  hence  is 
lined    by  chitin  continuous 
with  the  exoskeleton  cover- 
ing the  rest    of    the  body. 

TUa  t^ni,,^^  „-«  L-n^i.  f.n,„       Fio.  83.     Horiaontal  section  through  the 
The  tracheae  are  kept  from         abdomen  of  a  Spider,  .iT^mnetaAfwr 
collapsing    by    a    thickened         MacLeod.    Magnified. 
ridge  of  the  chitinous  lining      '■   Opening  to  eiterior,  tracheal  stigma. 
,  .  ,        .,  .   -      -.     .1.  2,    Terminal  tracheae.  3.    Lateral 

wnicn  coils  round  mside  tne         tracheae.         4.    Lung-books, 
tube  like  a  spiral  of   wire 

inside  a  water  hose.  Oxygen  is  thus  absorbed  by  all  the  parts 
of  the  body  directly  from  the  air,  and  not  from  the  blood.  This 
peculiar  mode  of  respiration  has  had  a  profound  influence  on 
Insect  structure. 

A  very  primitive  Arachnid,  Limulus,  the  King-crab,  which  lives 
in  the  sea,  breathes  by  means  of  what  are  called  gill-books ;  these 
are  piles  of  delicate  leaf-like  plates  placed  one  over  the  other  like 
the  leaves  of  a  book,  and  attached  to  the  posterior  surface  of  the 
appendages  of  the  hinder  part  of  tlie  body,  which  are  flattened 
(Figs.  64  and  107).  When  these  plates  are  moved  up  and  down  the 
leaves  of  the  gill-books  fly  apart  and  the  water  gets  in  between 
them,  Euid  oxygen  passes  from  it  into  the  blood  which  circulates  in 
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the  substance  of  the  leaves.    In  the  Scorpions,  which  are  geologically 
the  oldest  and  most  primitive  group  of  the  Arachnids  that  live  on 


Fio.  04.  Section  through  the  operculum  and  gills  of  a  King-crab,  Ltmulut. 
X  about  16.  The  Dormal  number  of  gills  iii  a  Limulua  is  live,  t!ie  section 
from  which  this  drawing  is  made  showed  only  four. 


land,  the  arrangement  is  the 
same,  only  the  gill-books  and 
the  plate-like  appendages 
which  carry  them  are  smaller, 
and  the  books  are  packed 
away  into  pits  on  the  under 
side  of  the  body,  whilst  the 
highly  modified  appendages 
extend  horizontally  below  so 
as  to  floor  in  the  pits,  leaving 
only  a  slit,  through  which  air 
enters.  This  arrangement 
prevents  the  gill-books — now 
called  lung-books — from  dry- 
ing up.  In  other  Arachnids 
the  gill-  or  lung-book  has  been 
lost,  and  only  the  pit  i-emains, 
and  this  is  enlarged  and  bur- 
Fio.65.  LonRltudlnalaecUonthroughthe  rows  into  the  Iwdy,  forming 
lung-book  of  a  Spider.     Magnified,   .       ,  ,  .  , 

From  MacLeod.  tracheae    which    may    assume 

1.    Opening  to  the  exterior  or  stigma.       all    the    appearance   of    Insect 
■2.    Free  edge  of  the  pulmonary  leaves,     tracheae.      The    Spiders    form 

3,  Space  in  which  the  air  circulates.  .         ,.    f      . 

4.  Space  in  which  the  blood  circulates,     an   interesting    link,    for   some 
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of  their  lung-books  have  been  thus  replaced  by  tracheae  and  others 
remain  as  in  the  Scorpion  (Fig.  63), 

The  excretion  of  the  nitrogenous  products  of  katabolisin  from  an 
antmat's  body  is  a  function  of  fundamental  importance, 
MCKOon""*  ^^^  have  seen  in  the  Earthworm  that  this  is  per- 
formed in  a  series  of  little  tubes  called  nephridia,  one 
pair  in  each  segment,  and  the  same  is  roughly  true  of  Peripatus. 
But  in  the  other  Arthropods,  with  few  exceptions,  where  the  primi- 
tive segmentation  is  much  changed  and  modified,  such  structures 
do  not  exist  in  each  segment,  but  a  single  pair  of  excretory  organs 
sufBces  for  the  whole  body.  In  the  simpler  Crustacea  each  of  these 
is  a  tube  with  glandular  walls  (i.e.  walls  composed  of  cells  which  are 
filled  with  excreta),  and  each  tube  opens  at  the  ba«e  of  the  second 
maxilla,  pn  each  side.  They  are  termed  the  maxillary  or  shell- 
glands  (Figs.  69  and  70).  In  the  larger  and  more  complex  forms 
corresponding  organs  open  on  the  second  antenna  (40,  Fig.  60). 
Here  the  organ  consists  of  a  network  of  parallel  glandular  tubes 
joining  each  other  at  intervals  and  opening  into  a  thin  bladder 
which  communicates  with  the  outside.  The  whole  is  called  the 
antenuary,  or  green-gland.  In  a  few  cages  both  antennary 
and  maxillary  glands  co-exist,  at  least  for  some  time  of  the  animal's 
life.  It  must  not  be  forgotten,  however,  that  the  chitinous  or 
calcareous  exoskeletou  is  of  the  nature  of  an  excretion,  and  an 
excretion  which  is  not  simply  expelled  from  the  body  but  is  of  use 
to  the  animal  excreting. 

A  typical  nephridium  has  been  already  defined  as  a  tube  which 
opens  at  its  inner  end  into  the  coelom.  Since  the  excretory  glands 
of  Crustacea  have  in  some  cases  at  their  inner  ends  thin-walled 
dilatations  which  are  by  most  zoologists  regarded  as  portions  of 
the  true  coelom,  the  Arthropoda  may  be  said  to  possess  modified 
nephridia. 

In  Insects  and  Myriapods  the  excretory  system,  like  the 
breathing  apparatus,  is  peculiar;  the  waste  nitrogenous  matter  is 
taken  up  by  certain  tubules  called  Malpighian  tubules,  after  a 
celebrated  Italian  anatomist  named  Malpighi  (Figs.  62  and  83). 
These  lie  in  the  body  cavity  suri-ounded  by  the  blood ;  they  do  not 
open  directly  into  the  exterior  but  into  the  front  end  of  the  procto- 
daeiim,  and  through  this  their  excreta  leave  the  body. 

In  the  Arachnids  the  excretory  apparatus  la  of  two  kinds,  which 
may  co-exist.  In  Scorpions  and  Spiders  there  are  Malpigbian 
tubules  superficially   resembling  those  of  Insects,  only  shorter 
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and  less  Dumerous,  but  they  open  into  the  endodermic  tube  or 
mesent«rou  and  are  therefore  endodermic,  aot  ectodermic  structures. 
There  are  aiao  organs  which,  like  the  greeu-  and  shell-glands  of  the 
Crustacea,  are  to  be  regarded  as  moditied  nephridia,  which  open  at 
the  one  end  into  a  space  which  is  a  remnant  of  the  coelom  and  at 
the  other  to  the  exterior;  they  are  termed  cosal  glands,  since 
they  lie  mainly  in  the  coxal  or  proximal  joints  of  the  legs. 


F:o.  M.  Fio,  67. 

Fto.  66.     Male  reproductive  organs  of  AHacui  Jtuvlatilis  y  ftbout  2^.     From 

Howes.         1.    RiRht  anterior  lobe  of  testis.  2.    Median  poat«rior  lobe 

of  t«BtiB.         3.    VaM  deferens.  4,    External  opening  of  vaa  deferens. 

6.   Right  fourth  ambulatory  leg  in  which  the  vaa  deferens  opens. 
Fio.  87.     Female  reproductive  organs  of  Aalacui  Jluviatills  x  about  2.     From 
Uowea.         1.   Right  oviduct.    The  left  oviduct  is  shown  partly  opened. 
2.   Right  lobe  of  ovary,  3,   Left  lobe  of  ovary  with  the  upper  half 

removed  to  show  the  cavity  of  ovary  or  coelom  into  which  the  ripe  on 
drop.  i.   External  opening  of  oviduct.         fi.    Klght  second  ambulatory 

leg  on  which  the  oviduct  opens. 

With  few  exceptions  Arthropods  are  bisexual.  The  reproductive 
organs  are  comparatively  simple.  Both  the  ovary 
o^™""""  (^'g-  67)  ^^  *li®  testis  (Fig.  66)  ate  continuous  with 
their  ducts,  which,  in  the  Crustacea,  Arachnids,  and 
some  Hyriapods,  usually  open  to  the  exterior  on  the  under  surface 
of  the  middle  region  of  the  body,  and  at  the  posterior  end  of  the 
body  in  Insects  and  one  division  of  the  Myriapods.     The  space 
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inside  these  glands,  lined  by  tlie  reproductive  cells,  ia  regarded  as 
part  of  the  coelomic  cavity. 

The  foregoing  account  of  the  Arthropoda  enables  na  to  give  the 
following  definition  of  the  group:  —  The  Arthropods 
Sie^al™'''  ^®  bilateral  animals  with  segmented  bodies.  The 
segments  are  not  all  alike,  and  frequently  fuse  one 
with  another;  some  at  least  bear  a  pair  of  jointed  limbs,  of  which 
those  in  the  region  of  the  mouth  are  modified  to  catch  and  bite  the 
food.  The  nervous  system  consists  of  a  supra-oesophageal  mass  or 
brain,  a  nervous  ring  round  the  oesophagus,  and  a  ventral  chain  of 
ganglia  sometimes  fused  into  a  single  mass.  A  heart  is  usually 
present  above  the  alimentary  canal,  and  blood  enters  it  through  a 
series  of  paired  valvular  slits  from  the  haemoeoel  or  blood-cavity. 
The  sexes  are  usually  distinct.    The  coelom  is  much  reduced. 

This  definition  is  in  the  main  true  of  all  Arthropo<ls,  whether 
insect,  spider,  centipede,  or  crab.  We  must  now  consider  however 
how  the  various  subdivisions  of  this  great  group  may  be  distin- 
guished one  from  another. 


Class  I.     Crustacea 

The  CruBtaeea  are  with  few  exceptions,  such  as  the  wood-louse, 
inhabitants  of  the  water,  and  they  breathe  either  through  the 
general  surface  of  the  body  or  by  means  of  gills.  They  have  as  a 
rule  two  pairs  of  antennae,  and  these  as  well  as  their  other  jointed 
limbs  are  typically  biramous,  that  is  they  consist  of  a  basal  portion 
bearing  two  prolongations.  They  have  at  least  three  pairs  of  ap- 
pendages converted  into  jaws. 

The  Crustacea  are  usually  divided  into  two  groups,  the  En- 
tomostraca  (Gr.  fi^a/u>t,  cut  in  pieces;  SarpSKov,  a  shell)  and  the 
Malacostraca  (Gr.  /ioXaKOi,  supple) ;  and  each  of  these  is  again 
divided  into  four  and  three  Orders  respectively. 


Sub-class  A.    Emtomostraca 

This  group  may  be  regarded  as  a  lumber-room  for  all  Crustacea 
which  are  not  included  in  the  well-defined  division  Malacostraca, 
and  the  only  character  which  can  be  attributed  to  all  the  members 
is  that  of  not  possessing  the  marks  of  Malacostraca. 

For  the  most  part  they  are  small  Crustacea  of  simple  structure. 
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The  number  of  their  segments  varies  within  wide  limits ;  some  Ostra- 
coda  having  ouly  seven  pairs  of  limbs,  whilst  in  Aptis  there  are  sixty- 
eight  pairs.  The  dorsal  part  of  their  head  has,  in  many  cases,  grown 
backwaids  and  downwards  like  a  mantle  to  form  a  large  hood  or  shell, 
termed  the  carapace,  which  may  cover  a  large  part  of  the  body, 
and  in  some  cases  this  becomes  divided  into  two  lateral  halves  hinged 
together  like  a  mussel's  shell.  In  many  descriptions  of  Entomos- 
traca  the  words  "thorax"  and  "abdomen"  are  used  to  describe 
regions  of  the  body.  Such  terms  are  in  strictness  only  applicable  to 
the  higher  Crustacea,  where  the  trunk  is  sharply  differentiated  into 
two  regions  distinguished  by  the  chai'acter  of  their  appendages. 
Amongst  the  Entomostraca  however  the  appendages  of  the  trunk 
form  a  uniform  series :  often  it  is  true  the  last  segments  are  devoid 
of  appendages,  and  to  these  the  terui  abdomen  (16,  Fig.  68)  is  often 
apjilied,  but  to  us  this  seems  an  unjustifiable  and  misleading  use  of 
a  term  which  has  an  exact  significance  only  amongst  Klalacostraea. 

Entomostraca  have  no  internal  t^eth  in  their  stomach.  As  a 
rule  the  young  are  not  like  their  parents  but  are  larvae  of  a  special 
kind  called  Nauplii;  these  after  a  number  of  ecdyses,  during 
which  the  nmiiber  of  segments  increases,  grow  up  into  adults. 

The  Kaupliua  possesses  an  oval,  unsegmented  body,  a  median, 
simple  eye,  three  jiaira  of  appendages,  and  a  large  upper  lip.  The 
first  pair  of  limbs  representing  the  first  antennae  of  the  adult  are 
simple  and  unjointed,  the  other  two  pairs  have  a  basal  piece  and 
two  branches.  The  inner  branch  of  one  or  both  pairs  has  a  hook 
for  masticatory  purposes.  These  two  pairs  of  appendages  become 
the  second  antennae  and  mandibles  of  the  adultj  both  are  at  first 
placed  behind  the  mouth. 

The  Entomostraca  consists  of  the  following  Orders ;  — 


Order  I.    PhyUopoda 

As  the  name  implies  the  Phyllopoda  (Gr.  ^vUov,  a  leaf;  irov?, 
a  foot)  are  characterised  by  possessing  flattened  leaf -like  swimming 
limbs.  Of  tliese  there  are  at  least  four  pairs,  but  there  may  be 
many  more.  The  larger  Phyllopo<is  are  not  uncommon  in  Britain ; 
one  genus,  Artemia,  taken  at  Lymington,  flourishes  in  salt-pans  in 
which  the  salt  is  so  concentrated  as  to  be  fatal  to  other  animals. 
Branchipus  (Fig.  fi8)  is  devoid  of  the  carapace,  and  has  an  elongated 
heart  extending  throughout  the  body.  It  occurs  in  stagnant  water, 
aud  has  been  recorded  in  several  localities  in  the  south  of  England. 
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It  is  often  found  in  the  vicinity  of  Montreal,  in  Canada,  in  the 
pools  of  rain  water  which  have  accumulated  in  disused  quarries. 
Apiia  is  another  of  the  lai'ger  forms 
which  was  formerly  found  in  Britain 
but  has  not  been  met  with  for  some 
years  and  is  possibly  extinct  in  this 
country.     It  has  a  large  carapace,  and 

its  flattened  leaf-like  appendages  are  ^ 

regarded  as  primitive  types  of  the 
Crustacean  limb,  from  which  all  the 
numerous  modihcations  of  the  higher 
forms  may  be  derived.  Of  these  eleven 
pairs  are  situated  in  front  of  t)ie  genital 
opening  and  are  often  termed  "  tho- 
racic," one  pair  being  attached  to  each 
of  the  pre-geiiital  segments  of  the 
trunk.  Behind  the  genital  opening 
there  are  fifty-two  so-called  "  abdomi- 
nal "  pairs  of  legs,  of  which  several 
pairs  are  attached  to  each  post-genital 
segment  except  the  last  two  or  three. 

The  genua  Dapluua,  common  in 
ponds  and  ditches,  both  in  England 
and  America,  differs  from  the  foregoing 
in  having  fewer  segments  and  a  very 
large  bivalved  carapace  which  com- 
pletely encloses  the  body.  The  first 
antennae,  or,  as  they  are  generally 
called,  the  antennules,  are  small  and 
simple,  but  the  second  antennae  are 
very  large  and  forked  and  project  from 
the  shell,  and  by  their  lashing  move- 
ment carry  the  animal  through  the 
water  (Figs.  69  and  70).    The  carapace 

is  to  a  certe,  extent  t,an,par,„t,  and    '''C„»*rip'!,T;',S''S''; 
through  it  the  beating  of  the  heart,       pond  In  Susses  x  abuut  lO. 
the  circulation  of  the  blood,  and  the    l.Anteimae.  2.  Head.  3.  Eyes. 
1        E    .!_      ii.  -      I     Ei-1  4-14.  The eleveu  "thoracic" 

movements   of    the  thoracic    ieat-like        iimbs.    16.  The  caudal  forkB, 
appendages  maybe  made  out.    Within        16.  The  fifth  "abdomiuat" 
the  substance  of  each  valve  of  the       s^P"^"  - 
carapace  a  coiled  glandular  tube  may  be  detected^  this  is  the  shell- 
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gland  or  typical  excretory  orgaa  of  the  Entomostraca  which  opens 
on  to  the  exterior  in  the  region  of  the  second  maxilla.  The  male 
Daphnia  (Pig-  69)  is  usually  smaller  than  the  female  (Fig.  70), 
and  is  certainly  very  much  rarer.    The  females  lay  two  kinds  of 


Fio.  60.    Side  view  of  male  Daphnia  tfmilit.     HigMy  magnified.     After  ClauB. 

I.  Antennules.  2.   Antennae.  3.  Testis.  4.   Vaa  deferens, 
6.  Intestine.            8.  Liver,  coruUtlng  of  a  single  pouch.  0.  Heart. 

II.  Shell  or  maxillary  gland. 

Fio.  to.  Side  view  of  female  of  Daphnia  aimilU,  magnified  to  the  same  extent 
as  Fig.  60.  After  Oaus.  1.  Antennules.  2.  Antennae.  3.  1st 
pair  of  legs.  4.  2nd  pnir  of  legs.  6.  3rd  pair  of  legs.  0.  4th  pair 
ot  legs.  7.  6th  pair  of  legs.  8.  Hepatic  diverticulum.  0.  Heart. 
10.  Brood-pouch.  11.  Shell  or  maxillary  gland.  Th.  3  and  Th.  5.  3rd 
and  5tb  thoracic  segments.    A.  1,  A.  2,  A.  3.  1st  to  3rd  abdominal  segments. 
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eggs,  (i)  summer  eggs,  which  develop  in  the  space  intervening 
between  the  dorsal  side  of  the  body  and  the  shell  which  acts  as  a 
brood-pouch,  and  (ii)  winter  eggs,  which  are  larger  and  become 
surrounded  by  a  special  modification  of  the  brood-pouch  called  the 
ephippium.  Sheltered  by  this  caae  the  e^s  lie  at  the  bottom  of 
the  pond,  etc.,  throughout  the  winter,  when  the  severity  of  the 
weather  has  killed  the  adults,  and  with  returning  spring  a  young 
Daphuia  hatches  out  from  each  winter  egg  to  continue  the  cycle 
of  life. 

The  Phyllopoda  are  divided  into  two  Sub-orders,  viz.  r  — 
Sub-order  1.  Oladocera. 

Short^bodied   Phyllopoda  with  a  dorsal  brood-pouch  and 
long  second  antennae. 
Ex.   Dapknia. 
Sub-order  2.    Branchiopoda. 

Long-bodied  forms  devoid  of  a  brood-pouch  and  not  using 
the  second  antennae  as  swimming  organs, 
Ex.   Apus,  Aiiemia,  Branckipus. 

The  Branchipoda  live  in  fresh-water  and  as  a  rule  in  the  stand- 
ing water  of  pools  and  ponds ;  they  are  more  rarely  found  in  brackish 
or  salt  water.  They  swim  actively  about  by  means  of  the  vibra- 
tions of  their  flattened  limbs.  As  a  rule  aquatic  animals  swim 
with  the  upper  surface  towards  the  surface  of  the  water,  but  the 
Branchipoda  seem  very  indifferent  to  this  rule,  and  are  quite 
frequently  seen  swimming  upside  down.  The  Cladocera  almost 
invariably  swim  upside  down,  since  otherwise  the  eggs  might  drop 
out  of  the  brood-pouch. 

Order  II.    Ostracoda 

This  Order  (Gr.  iarpax^ifi,  shell-like)  contains  a  great  number 
of  Bpecies  which  do  not  differ  greatly  from  one  another.  In  form 
they  resemble  Daphuia,  but  the  head  does  not  protrude  from 
between  the  valves  of  the  carapace,  and  some  of  the  internal  organs 
of  the  body,  the  ovary  or  testis  and  branches  of  the  liver,  are  pro- 
longed into  the  valves  of  the  carapace.  This  latter  is  a  very 
characteristic  structure,  consisting,  like  the  shell  of  the  Mussel,  of 
two  valves.     It  opens  by  an  elastic  ligament  which  tends  to  pull 
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the  valves  apart,  and  it  closes  by  the  contraction  of  a  muscle 
which  tuna  across  the  body  from  one  valve  to  another.  The 
whole  body  is  iucluded  in  the  carapace,  antennae  and  all. 

Ostracoda  have  fewer  ap- 
pendages than  any  other  group 
of  Crustacea;  besides  the  anten- 
nules,  antennae,  mandibles,  and 
two  pairs  of  maxillae,  they  possess 
only  two  paii-3  of  limbs,  and 
these  are  stout  and  cylindrical, 
in  marked  contrast  to  the  ap- 
pendages of  the  Phyllopoda.  The 
hinder  part  of  the  body  is  rudi- 
mentary. 

1.  Antennules.  2.  Antennae.  j^Qth    pairs  of  antennae   are 

3.  Mandibles,        4.  1st  maxillae.      .   .         ,         ,  ,     , 

6.  2nd  maxillae.  8.  1st  pair    jointed,  unbranched  appendages, 

of  legs.  7.  2nd  pair  of  lega.     and     are     used     in     awiniinine, 

8.  Tail.  e.  Eye.  ,,  ,    .  .      ^    ,■   ^■ 

another  most  important  distinc- 
tion from  Daphuia  and  its  allies. 
The  males  differ  from  the  females,  which  either  (Cypris)  lay 
their  eggs  in  water-plants  or  (Cypridina)  carry  them  about  within 
their  shells.  The  majority  of  species  are  found  in  the  sea,  but  others 
occur  in  fresh-water.  They  are  flesh  eaters,  and  as  they  exist 
in  great  numbers  they  fulfil  the  important  duty  of  scavenging  on  a 
small  scale,  and  prevent  the  accumulation  of  dead  organic  matter 
in  the  water. 


Order  III.     Copepoda 

This  Order  (Gr.  Ktorn;,  oar ;  n-oA,  foot)  is  also  a  large  one  and  its 
free  swimming  members  exhibit  a  very  characteristic  structure  and 
appearance.  The  body  is  of  an  elongated  pear  shape,  and  consists 
of  a  large  round  head  and  a  tapering  trunk  of  comparatively 
few  segments.  The  carapace  so  characteristic  of  the  preceding 
order  is  entirely  absent  The  head  bears  a  single  median  eye 
iu  front,  the  lateral  compound  eyes  so  conspicuous  in  most 
Crustacea  being  absent.  Attached  to  the  head  are  five  pairs  of 
appendages,  two  pairs  of  unbranched  antennae,  a  pair  of  mandibles, 
and  two  pairs  of  maxillae.  The  first  thoracic  limb  (niaxilliped) 
is  also  borne  on  the  head,  near  the  second  maxilla  {Fig.  72). 
The  head  is  not  separated  from  the  trunk  by  any  constriction. 
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The  latter  bears  four  pairs  of 
swimming  feet  of  a  typical 
forked  pattern.  Each  of  these 
appendages  is  something  libe  a 
J^.  The  base  of  the  limb  con- 
sists of  one  or  two  joints,  and 
is  called  the  protopodite.  It 
splits  at  its  free  end  into  two 
prolongations,  the  inner  of  which 
is  known  as  the  endopodite 
and  the  outer  as  the  exopodite. 
They  are  flattened,  consisting  of 
stout  joints  each  of  which  bears 
spines,  and  the  whole  forms  a 
convenient  paddle.  Each  limb 
is  also  joined  to  its  fellow  of  the 
opposite  side  by  a  transverse 
moveable  ridge  so  that  the  right 
cannot  move  without  the  left. 
By  the  simultaneous  action  of  all 
the  limbs  of  the  trunk  the  animal 
is  enabled  to  execute  a  series  of 
awift  darts  through  the  water; 
by  the  ai;tion  of  the  second  an- 
tennae a  slow,  gliding  move- 
ment is  carried  out,  whilst  the 
maxillae  by  sweeping  movements 
search  the  water  for  food.  A 
forked  limb  is  characteristic  of 
the  Crustacea,  and  is  not  met 
with  in  other  groups  of  the 
Arthropods.  It  appears  over  and 
over  again  in  all  the  Orders, 
tetaining  its  primitive  form  in 
some  instances,  as  in  the  ab- 
dominal appendages  of  a  Cray- 
fish, but  more  often  by  the 
suppression  of  one  part,  usually 
the  exopodite,  and  by  the  de- 
velopment and  modification  of 
others,  the  original  form  becomes 


Fio.  72.  Ventral  view  of  mole  Cyclopt 
sp.    Magnifled. 

1.  AntemiA.  %  Antenoulea. 

3.    Mandible.  4.   1st  maxilla. 

G.  2nd  maxilla  (bo  called  Ist  max- 
illiped).  Ga.  Maxilliped  (so  called 
2nd  maKilliped)  6-9  ]st-4th  clio- 
raciL  limbs  10  K>e  II  Bristles 
near  male  Renerative  openmg  la. 
Caudal  forks  \i  Mouth  14. 
Copula  connecting  each  pa:r  ot 
tiioracic  limbs. 
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masked  and  difficult  to  recognise.  ^Vhen  both  forks  are  conspicu- 
ously developed  the  limb  is  said  to  be  biramous.  The  four  or 
five  last  segments  of  the  Copepod's  body  bear  no  appendages. 


Fio.  73.     Dorsal  view  of  female  Cyclops  sp.     Magnified.     Partly  after  Hartog, 
1.   Antennule,      2.   AateDna.      3.  Eye.      4.  Ovary.     G.  Uferus,     0.  Oviduct. 

7.  Spenuatheca  or  pouch   tor  receiving    the    Bp«rmato2oa   of    Ihe   male. 

8.  Egg-aacs.  9.  Caudal  forks.  10.  Position  of  anus.  11.  Compound  seg- 
ment, consisting  o£  the  last  thoracic  (bearing  the  genital  opening)  and  the 
first  abdominal. 

The  last  is  ])rodueed  into  two  processes,  forming  a  caudal-  or  .tail- 
fork. 


^aovGoOt^lc 


Vn,  ]  OIRRIPBDIA  141 

The  sexes  in  tlie  free-living  species  are  not  markedly  different, 
but  if  we  examine  specimens  of  such  a  genus  as  Cydops,  which  is 
common  in  our  fresh-water  pools,  we  shall  find  that  in  the  breeding 
season  the  female  carries  about  with  her  two  egg-sacs  (Fig.  73). 
These  are  attached  to  her  body  just  behind  the  last  pair  of  append- 
ages and  project  freely  at  the  side.  Each  egg-sac  may  contain  four 
or  fire  dozen  eggs,  which  are  glued  together  by  a  cement-substance. 
Such  egg-sacs  are  very  characteristic  of  the  Copepoda  and  are 
even  found  in  the  parasitic  members,  of  the  order.  Most  of  the 
latter  live  on  fish,  aud  some  have  acquired  the  name  of  "  fish-lice." 
Their  mouth  appendages  have  lost  their  biting  function,  and  have 
become  adapted  for  piercing  the  tissues  of  the  host  on  which  they 
live.  Their  segmentation  is  suppressed  and  their  appendages  are 
reduced,  and  the  body  has  grown  out  into  all  sorts  of  curious 
processes.  The  male  is  often  much  smaller  than  the  female,  and 
as  a  rule  retains  more  crustacean  characters  than  she  does. 
Occasionally  they  are  found  on  the  skin  of  a  fish,  but  more  often 
they  occur  in  the  mouth  and  on  the  gills,  sometimes  half  and 
sometimes  almost  wholly  embedded  in  the  fiesh  of  their  host. 


Order  IV.     Oimpedia 

Some  of  the  Copepods  have  become  so  modified  by  their  parasitic 
habits,  that  unless  we  were  able  to  trace  their  development,  in- 
cluding the  larval  forms  through  which  they  pass  before  becoming 
adult,  we  shoidd  have  difficulty  in  assigning  them  to  their  proper 
place  amongst  the  Crustacea.  A  somewhat  similar  modification 
occurs  in  the  Cirripedia  (Lat.  cirrus,  a  tuft  of  hair;  pes,  a  foot)  and 
is  associated  with  a  fixed  or  sessile  habit  of  life.  After  passing 
through  a  variety  of  free-swimming  larval  forms,  the  animal  comes 
to  rest  and  attaches  itself  by  the  anterior  end  of  the  body  to  a  stone 
or  rock,  the  bottom  of  a  ship,  or  some  other  object  submerged  in 
the  sea,  and  becomes  adult. 

Like  that  of  the  Ostracods  the  body  of  a  Cirripede  is  enclosed 
in  a  carapace  consisting  of  two  valve-like  folds  which  have  grown 
out  from  the  region  of  the  head,  but  these  are  usually  strengthened 
by  five  calcareous  plates,  a  right  and  left  scutum,  a  right  and 
left  tergum,  and  a  median  carina,  and  in  Balanus,  the  common 
acorn-bamacle  of  our  sea-shores,  a  further  armour  of  triangular 
plates  developes  in  an  additional  outer  fold  of  skin  which  encircles 
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the  body.  In  Lepas,  the  barnacle  usually  found  in  clusters  on  the 
bottom  of  ships  and  often  seriously  impeding  their  progi'ess,  this 
ring  is  absent,  but  the  anterior  end  of  the  head  bearing  the  first 
antennae  at  Its  end  has  grown  out  into  a  long;  stalk  which  lodges 


Fig.  Ti.    A  view  of  L^pat  anatifera,  cut  open  longitudinally  to  show  the  dis- 

posilion  of  the  organs.     From  Leiickart  and  Nllache,  paitly  alter  Claui. 
1.  Stalk.       2,   Cftrina.         3.  Tergum.        4.  Scutum.        5.   Isi  antenntie. 

6.    Mandible  with  '-  palp"  in  front.         7.    1st  mtucilla.         8.   2nA  uiaiilla. 

9.    The  six  pairs  of  birainous  thoracic  limbs.      10.   Labrum.      11.    Mouth. 

12.   Oesophagus.      18.    Liver.      14.    Intestine.      15.   Anus.      10.   CIvarv. 

17.  Oviduct.  18.  Testes.  19.   Vsa  deferens.  20.  IVni*. 

21.   Cement  gland  and  duct.  22.   Adductor  scutorutn  muscle,  whicli 

cloHea  the  carapace.  28.   Mantle  cavitj',  i.e.  the  space  iiiterveninj; 

between  the  carapace  and  the  body. 

some  of  the  internal  organs  of  the  body.  The  second  antennae 
though  present  in  the  larvae  are  lost  in  the  adult.  The  rest  of  the 
body  is  enclosed  within  the  carapace.  Around  the  mouth  are  a  pair 
of  mandibles  and  two  pairs  of  maxillae,  and  the  thorax  carries  six 
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pairs  of  biramous  many-jointed  limbs  beset  with  numerous  hair- 
like  spines,  the  lashing  of  which  kicks  food  particles  towards  the 
mouth  (Fig.  74).  These  limbs  are  slender  and  flexible  and  thus 
differ  from  the  corresponding  limbs  of  Copepods. 

Like  some  Copepods  the  Cirripedes  are  without  a  heart,  and 
the  existence  of  special  respiratoiy  organs  is  doubtful.  Unlike 
other  Crustacea  they  are,  as  a  rule,  hermaphrodite,  the  male  and 
female  reproductive  organs  being  united  in  one  individual.  A  few 
species  are  parasitic,  chiefly  on  other  Crustacea,  and  these  have 
reached  a  very  extreme  stage  of  degeneration. 


Sub-class  B.    Malacostraca 

The  second  of  the  two  large  groups  into  which  the  Crustacea  are 
divided  contains  most  of  the  more  familiar  forms,  such  as  Crabs, 
Lobsters,  Shrimps,  Wood-lice,  etc.  For  the  most  part  the  Malacos- 
traca  are  larger  than  the  Entoraostraca,  and  the  number  of  their 
segments  is  a  fixed  one.  With  the  exception  of  the  first  Order, 
Leptostraca,  which  is  really  a  connecting-link  between  true  Mala- 
costraca  and  the  lower  forms,  this  number  is  nineteen,  and  there  are 
nineteen  pairs  of  appendages.  One  of  the  most  marked  characters 
in  the  Malacostraca  is  the  differentiation  of  the  trunk  into  two 
distinct  regions,  the  thorax  and  the  abdomen.  It  is  true,  as  is 
mentioned  above,  that  many  authors  speak  of  au  abdomen  in  the 
Entomostraca,  but  by  this  they  mean,  with  a  few  exceptions,  the 
hindermost  segments  which  are  devoid  of  limbs.  In  any  Ento- 
mostracan  if  we  examine  the  series  of  limbs  behind  the  jaws  we 
shall  find  that  they  constitute  a  contin\ious  series  without  any 
sudden  change  in  their  character.  In  a  Malacostracan,  on  the 
other  band,  we  find  an  abrupt  change  at  one  point  in  the  character 
of  the  limbs.  The  hinder  limbs  or  swimmerets  (pleopods)  are 
markedly  different  from  the  fi-ont  limbs,  foi'  whereas  in  the  swim- 
meret  both  forks  of  the  Hmb,  endopodite  and  exoi>odite,  ase  enually 
developed,  in  the  last  five  limbs  or  the  thorax  (peraeopods)  the 
endopodite  is  large  and  the  exopodite  is  small  or  absent  It  is  this 
difference  in  character  which  defines  the  abdomen. 

Although  the  division  between  the  head  and  thorax  is  not  always 
apparent,  as  a  rule,  we  may  assign  five  segments  to  the  head,  eight 
to  the  thorax,  and  six  to  the  abdomen,  which  ends  in  an  unseg- 
mented  flap,  called  the  telson.    The  reason  for  this  want  of  a 
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definite  boundary  between  bead  and  thorax  in  the  Malacostraca, 
is  that  the  carapace,  which  as  we  have  seen  is  an  outgrowth  of 
the  bead,  has  become  fused  with  the  dorsal  surface  of  the  thoracic 
segments,  whilst  at  the  sides  it  forms  fi-eely  projecting  flaps,  which 
since  they  cover  the  gills  are  known  as  branchiostegites  (Gr.  ariyio, 
to  cover). 

The  excretory  organ  of  the  Malacostraca  opens  at  the  base  of 
the  second  antcnnitfl  and  not  as  iu  the  Entomostraca,  on  the 
second  maxilla.  As  a  rule  the  typical  larva — the  Nauplius  —  of 
the  last-named  group  is  not  present  in  the  life-history  of  the  Mala- 
costraca, which  may  hatch  out  from  the  egg  in  a  practically  adult 
condition,  or  may  pass  through  several  larval  stages,  the  first  of 
which  is  the  Zoea,  a  larva  with  many  appendages,  possessing  eyes, 
and  in  all  ways  more  differentiated  than  the  Kauplius. 

Order  I.    Leptostracs 

The  order  Leptostraca  {Gr.  Xwrnn,  slight,  small)  contains  but 
three  genera,  which  are  interesting  because  they  form  an  inter- 
mediate stage  between  the  Malacostraca  and  the  Entomostraca. 
Like  many  of  the  latter  they  are  provided  with  a  bi-valve  carapace 
which,  unlike  that  of  all  other  Malacostraca,  is  not  fused  with  the 
thoracic  segments.  Behind  the  six  appendage-bearing  segments  of 
the  abdomen  there  come  two  more  segments  without  limbs,  and  the 
hindermost  bears  two  diverging  filaments  constituting  a  "caudal 
fork,"  such  as  is  commonly  found  amongst  the  Entomostraca  The 
thoracic  limbs  are  flattened  and  leaf-like,  as  in  Apus,  but  the 
mandible  bears  a  three-jointed  feeler  or  palp,  and  the  eyes  are 
stalked,  —  both,  on  the  whole,  MaJacostracan  characters.  The 
excretory  organ  opens  on  the  second  antenna,  but  in  the  larva  the 
shell-gland  or  maxillary  excretory  organ  is  found  and  traces  of  it 
exist  in  the  adult 

The  order  is  marine,  and  very  widely  distributed  throughout  the 
ocean.  Its  members  are  capable  of  living  and  thriving  in  very  foul 
water,  so  foul  as  to  be  fatal  to  most  other  animals.  Nebalia  is 
the  best  known  genus. 

Order  II.    Thoracostraca 

The  Thoracostraca  (Gr,  $iipai,  a  breastplate)  form  a  large 
group  and  contain  many  very  different  forms.  They  are  placed 
together  because  the  carapace  has  liecome  fused  with  several  of  the 
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thoracic  aegments,  so  as  to  form  a  region  known  as  the  cephalo- 
thorax,  the  exoskeleton  covering  which  is  not  jointed  and  is  not 
bivalved  as  in  Jfebalia.  The  eyes  of  the  Thoracostraca  are  com- 
pound and  almost  always  are  borne  on  moveable  stalks.  The  order 
is  divided  in  four  sub-orders. 


Sub-order  1.     Schizopoda 

This  order  is  the  lowest  of  the  Thoracostraca.  The  name  is 
suggested  by  the  circumstance  that  all  the  eight  pairs  of  thoracic 
limbs  are  biramous ;  the  first  and  sometimes  the  second  pair  are 
reduced  in  size  and  provided  with  gnathobases;  they  assist  the 
mandibles  and  maxillae  and  hence  are  termed  maxiltipedes.  It 
will  occur  to  most  observers  that  the  thoracic  feet  of  the  Schizopod 
resemble  the  ordinary  form  of  swimmeret  or  abdominal  append- 


Fio.  75.  N'yeliphajie*  nonvgica.  Slightly  magnified.  From  WalaB^.  The 
black  dolfi  indioite  the  phoaphoreacent  organs.  The  gltla  are  aeen  betvreeu 
the  cephalo-Choracic  and  tbe  abdominal  appendages. 

^es  in  the  more  familiar  Ijobster  or  Cray-fish.    This  is  so;  the 

swimmerets  of  a  Schizopod  are  however  sharply  distinguished 
fiom  the  thoracic  limbs  by  their  smaller  size.  It  appears  prob- 
able that  the  first  step  in  the  evolution  of  an  abdomen  was  the 
reduction  in  size  of  the  appendages,  so  as  to  transform  the  hinder 
part  of  the  body  into  a  powerful  swimming  fin,  and  many  Sehizopods 
only  USB  the  abdomen  in  this  way,  since  most  of  the  swimmerets 
are  very  small  and  appear  to  be  practically  functionless.  The  last 
one  however  is  broad  and  assists  the  tail  in  its  vigorous  strokes. 
Some  Sehizopods  have  a  series  of  phosphorescent  organs  which 
under  certain  conditions  emit  a  pale  but  very  perceptible  light 
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like  that  of  a  glow-worm.    This  light  aeems  to  be  controlled  by 

the  animal  but  its  use  is  not  veiy  clear. 

There  are  very  interesting  differences  amongst  the  genera  com- 
posing the  Schizopoda.  The  genus  Eitpkausia  for  instance  has 
long  feathery  gills  attached  to  the  basal  joints  of  the  thoracic  legs, 
and  the  eggs  are  not  borne  about  by  the  mother  but  hatch  out  into 
Nauplii,  which  pass  through  a  series  of  met.^movphoses  before 
becoming  adult.  In  Mi/si«  on  the  other  hand  the  gills  are  few  and 
simple  and  the  e^s  are  borne  under  the  thorax  on  flat  plates 
termed  oostegites,  which  project  inwards  from  the  hinder  thoracic 
appendages.  In  these  two  genera  we  see  the  beginning  of  two 
tendencies  which  have  led  the  descendants  of  primitive  Schizopoda 
to  differentiate  themselves  in  two  different  directions.  One  group 
have  taken  to  carrying  the  embryos  about  until  they  are  fully  de- 
veloped ;  at  the  same  time  the  gills  are  reduced  and  the  carapace, 
which  is  essentially  a  gill-cover,  tends  to  disappear.  This  group 
includes  the  Stomatopoda,  Cumaceae,  and  Arthrostraca. 

In  the  other  group  the  gills  and  carapace  are  retained,  and 
though  the  eggs  are  for  a  time  carried  about  attached  to  the 
swimnierets,  the  young  one  passes  through  a  larval  stage  before 
becoming  adult.    This  group  includes  the  Decapoda. 

Sub-order  2.     Decapoda 

The  Decapoda  (Gr.  S(«a,  ten)  derive  their  name  from  the  circum- 
stance that  the  first  three  pairs  of  thoracic  appendages  have  become 
ma^ci  Hi  pedes,  that  is  to  say  have  been  modified  so  as  to  assist  in 
mastication,  leaving  five  pairs  of  large  conspicuous  limbs,  which 
have  lost  all  trace  of  an  exopodite,  for  prehension  and  locomotion. 

This  group  includes  the  lobsters,  cray-fish,  shrimps,  prawns, 
hermit-crabs,  and  crabs,  etc.  In  the  division  of  the  crabs,  the 
Hi'achy  ura  (Gr.  fipa\ii,  short;  oipd,  tail),  the  abdomen  is  reduced 
in  size  and  turned  up  and  closely  applied  to  the  under  surface  of  the 
thorax,  except  when  the  animal  is  "  in  berry  "  and  then  the  masses 
of  eggs  force  the  abdomen  away  from  the  thorax.  As  a  rule  crabs 
are  broader  tlian  they  are  long,  and  the  breadth  is  partly  due  to  the 
large  gill  chambers  on  each  side  of  the  body.  The  gills  are  really 
outside  the  body,  but  are  in  a  special  chamber  bounded  by  the 
branch iostegite,  or  free  edge  of  the  carapace. 

In  the  lobsters,  shrimps,  etc.,  which  form  the  division  Macrura 
(Gr.  fuiKpo^,  long ;  oipd,  tail),  the  tail  is  relatively  large  and  is  not 
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folded  up  against  the  thorax.  Some  speciea  —  the  hennit-orabs  — 
shelt«r  themselves  in  the  empty  shells  of  molhiscs.  In  these  cases 
the  abdomen  does  not  develope  a  hard  covering  as  the  animal  is 


1   -J-"  "m 
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sufficiently  protected  by  its  lodging.  It  remains  soft,  and  acquires 
a  spiral  twist  as  it  moulds  itself  to  the  interior  of  its  borrowed 
sliell. 
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Some  Decapods  have  left  the  sea  and  taken  to  live  on  land,  and 
this  haa  in  some  cases  involved  a  change  of  structure,  the  gills 
which  breathe  water  being  supplemented  by  the  soft  vascular 
lining  to  the  gill-cavity  covered  by  the  branchiostegite  which,  like 
a  lung,  breathes  ^r. 

The  group  is  for  the  most  part  marine,  though  the  well-known 
fresh-water  cray-fishes,  Aatacue  in  Europe  and  Cam&ariu  in  North 
America,  form  sti-iking  exceptions. 


Suborder  3.     Stomatopoda 

The  Stomatopoda  (Gr.  trro/ia,  a  mouth)  are  a  sharply  defined 
group  with  few  genera,  and  must  be  regarded  as  an  offshoot  from 
the  primitive  Schizopoda  peculiarly  specialised.  The  members 
attain  a  considerable  size,  some  eight  inches  or  more  in  length. 
The  carapace  is  small  and  only  covers  the  anterior  five  thoracic 
segments;  the  appendages  of  these  segments  are  turned  forward 
towards  the  mouth  aud  take  part  in  feeding,  and  so  are  termed 
masillipeds.  They  end  in  a  claw,  the  last  joint  shutting  down 
on  the  penultimate  one  like  a  knife  blade  into  its  handle.  They 
are  thus  very  diiferent  from  the  maxillipeds  of  Schizopoda  or 
Decapoda,  which  are  really  limbs  on  the  way  to  become  jaws,  and 
have  developed  gnathobases.  The  maxillipeds  of  Stomatopoda 
are  grasping,  not  chewing  organs,  and  have  undergone  the  same 
modification  as  the  great  claw  of  the  lobster,  which  might  just  as 
reasonably  be  called  a  maxilliped.  A  fertile  source  of  confusion 
in  the  study  of  the  Arthropoda  is  the  use  of  names  like  maxillipede, 
thorax,  abdomen,  etc.,  to  denote  different  things  in  different  groups. 
The  last  three  thoracic  limbs  are  for  walking,  they  are  very  feeble 
and  retain  a  rudiment  of  the  outer  fork  or  esopodite.  The 
abdomen  is  large  and  bears  six  pairs  of  flattened  swimming  limbs, 
each  of  which  carries  a  gill  in  its  outer  branch. 

Unlike  most  other  Crustacea,  Squilla  and  the  other  members 
of  the  group  do  not  carry  their  eggs  about  with  them,  but  lay  them 
in  the  burrows  in  which  they  live,  and  by  sitting  over  them  and 
moving  their  abdominal  limbs  they  keep  up  a  current  of  water  which 
aerates  the  eggs.  They  are  exclusively  marine,  and  live  buried  in 
the  sand  or  hidden  in  crevices  of  the  rock.  They  move  actively 
and  are  difficult  to  catch. 
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Sub-order  4.    Cumacea 

The  members  of  the  sub-order  Cumacea  (Gr.  kv/io,  a  wave,  or 
billow)  are  mostly  small,  they  live  in  the  sea  on  sandy  bottoms  at 
considerable  depths,  but  come  to  the  surface  at  night.  They  are 
especially  interesting  because  to  a  certain  extent  they  are  inter- 
mediate in  character  between  the  Thoracostraca  and  the  Arthrocos- 
traca.  Thus  their  paired  eyes  ai'e  not  stalked  and  are  sometimes 
fused  together  to  form  a  single  eye;  tlie  carapace  is  reduced  so  as 
to  leave  several  segments  of  the  thorax  uncovered  (Fig.  77),  and  on 
some  of  the  thoracic  legs  there  is  a  small  exopodite.     They  have 


Fig.  77.  Female  Diattslit  slygta  x  6.  After  Sars.  The  carapace  w  repre- 
sented ax  transparent  to  show  the  gill. 

I,  Carapace.  2.  First  antenna.  3.  First  leg.  4.  Gill  borne  on  first 
mozilliped.  5,  6,  7,  and  8.  second  to  tlftli  ieg.  P.  Free  part  ot  tho- 
rax. 10.  Abdomen.  II.  Appendage  of  the  last  eeguicnt  of  tlie 
abdomen. 

a  single  pair  of  gills  borne  by  the  first  thoracic  limb.  In  the 
female  the  abdomen,  which  is  long,  has  lost  all  the  limbs  except 
the  last  pair. 

Order  III.    'Arthrostraca 

The  members  of  the  Arthrostraca  (Gr.  ApSpov,  a  joint;  ovrpaKOv, 
a  sbell)  have  sessile  eyes,  i.e.  without  stalks.  The  carapace,  which 
in  most  of  the  above-mentioned  groups  covers  the  segments  of  the 
thorax,  has  disappeared,  and  consequently  seven  of  the  latter  are 
usually  freely  moveable  on  one  another,  the  first  and  in  rare  cases 
the  second  thoracic  segment  remaining  immoveably  fused  with  the 
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head.  They  thus  represent  a  further  stage  in  the  same  process 
which  we  found  going  on  in  Cumacea  and  ytomatoixida-  Only  one 
of  the  thoracic  appendages  is  inodifieil  so  as  to  form  a  maxilliped ; 
there  are  consequently  seven  pairs  of  walking  legs  attached  to  the 
thorax.  In  the  female  these  legs  bear  inwardly  directed  processes 
which  together  form  a  broo<l-pouch  in  which  the  eggs  develope. 


n  in  profile.    From 

i-yi.  Cephaloihorax.  vii-xiii.  Free  tliorocfc  senroents.  xiv-xii.  The 
flix  abUotninnI  si'gmenlA,  I.  AnWrior  antemiae.  2.  Posterior  antennae. 
3.  >[ftnillbleH.  4.  Ist  maxillae.  5.  '^iid  maxillae.  0.  Maxillipt'il. 
7-13.  Thoracic  limbs.  14-16.  Tliree  anurior  abdominal  limbs  for  swim- 
ming. 17-111.  Three  poRterior  abdominal  limbH  for  jimiping.  20.  Heart 
with  six  pairs  of  ostia.  21.  Ovu.ry.  22.  Ilejiatic  diverticula.  23.  Pos- 
terior diverticula  of  the  alimentary  canal.  'H.  Mf  dian  dorHal  diverticuluni. 
25.  Alimentary  canal.  20,  Nervous  system.  27.  Ova  in  e|;g  pouch, 
fonned  from  lamellae  on  the  coxae  of  the  second,  third,  and  fourtji  thoracic 

The  Ai-throstraca  are  mostly  small  animals,  living  in  either  salt 
or  fresh  water ;  they  assume  very  different  forms,  some  of  them 
with  a  rudimentary  abdomen.  They  are  divided  into  the  sub- 
orders Amphipoda  (Gr.  djiifh  on  both  sides;  tto&x,  feet),  which 
are  for  the  most  part  compressed  or  flattened  from  side  to  side 
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(Fig.  78)  and  carry  their  giila  on  their  thoracic  appendages,  and 
the  Isopoda  (Gr.  itroq,  equal;  vo&a,  feet),  which  are  depressed  or 
flattened  from  above  downwards  (Figs.  57  and  79),  and  whose  gills 
ai-e  the  modified  endopodites  of  the  appendages  of  the  abdomen. 
A  typical  example  of  the  last  named  sub-order  ia  the  Hog-water 
Louse,   Asetlm  Wfiatwus   (Fig.   57),  common  in  our  ponds  and 
streams,  but  many  of  the  groups  are  parasitic  and  lose  most  of  their 
characteristic  Crustacean  features.     As  in  the  case  of  the  Decapods 
some  genera  of  Isopoda  have  forsaken 
the   sea  for  a  life  on  land,  amongst 
which  the  wood-lice,  Onisciis  and  Pur- 
cellio,    exhibit     certain     peculiarities 
usually  associated  with  Insects;  thus 
the  mandible  has  no  palp,  one   pair 
uf  antennae  is  usually  lost,  and  there 
are  certain  tubular  air  passages  be- 
lieved to   be  respiratory  burrowed  in 
the  abdominal  endopodites  which  recall 
by  their  structure  the  tracheae  of  air- 
bi-eathing  Arthropods.    This  is  another 

proof  that  any  attempt  to  group  to-     Fio.  78.    A  Wood-loiige,  Par- 
gether  all  animals  posseaaing  tracheae  ^««'^  j«£;  "  «'»"'  ^^ 

leads  to  absurdities.  ' 

Class  II.     Antennata 

Sub-class   A.      P  ROTO  TR  ACHE  AT  A 

A  short  account  of  the  genus  Peripatus  must  be  given,  as  this 
animal  is  of  a  very  primitive  nature  and  both  its  adult  structure 
and  the  mode  of  its  development  throws  ranch  light  upon  the  origin 
andanatomy  of  Myriapods  and  Insects  and  indeed  on  the  Arthropods 
generally. 

The  different  species  of  Peripatna  are  differently  coloured,  but 
they  mostly  possess  a  beautiful,  velvety  coat.  In  shape  they 
resemble  caterpillars  but  carry  two  large  antennae  on  their  heads, 
and  at  the  base  of  each  antenna  is  an  eye.  On  the  under  surface 
of  the  head  is  the  mouth,  and  tucked  into  it  on  each  side  is  a 
toothed  jaw.  This  ia  an  appendage  which  has  been  modified  so  as 
to  form  a  true  gnathite.  At  each  side  of  the  mouth  is  a  third  pair 
of  appendages,  the  oral  papillae,  from  the  tips  of  which  a  sticky 
slime  can  lie  ejected  which  entangles  the  Insects  and  spiders  on 
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which  the  animal  lives.     The  other  appendages,  which   vary   in 

number  in  the  different  species  from  seventeen  pairs  to  over  forty, 
have  the  form  of  soft  cylindrical  papillae  ending  in  two  claws,  and 
function  as  walking  legs  (Fig.  80).  The  anns  is  posterior,  and  at 
the  base  of  each  leg  is  a  slit-like  pore,  the  opening  of  a  nephridium. 
The  genital  pore  is  in  front  of  the  anus. 


Fio.  80.     PeHpatui  capenxit  v.  veiy  slightly.     From  Sedgwick. 

The  body  cavity  is  a  spacious  haemocoel  divided  into  three  longi- 
tudinal compartments  by  two  bauds  of  muscles  which  run  from  its 
outer  upper  angle  towards  tlie  middle  ventral  line.  The  lateral 
Gomiiartments  are  continuous  with  the  cavities  of  the  limbs  and 
lodge  the  nephridia,  the  sEilivary  glands  and  the  nervous  system. 
The  alimentary  canal,  slime-glands  and  generative  organs  lie  in  the 
middle  compartment. 

The  mouth  leads  into  a  large  muscular  pharynx,  such  as  is 
found  in  many  Chaetopods.  The  salivary  glands  open  near  this. 
They  are  interesting  structures,  as  development  has  shown  that  in 
origin  they  are  derived  from  nephridia,  a  state  of  things  which 
recalls  the  fact  that  in  certain  Oliguchaets  some  of  the  nephridia 
open  into  the  oesophagus.  The  pharynx  leads  by  a  short  oesophagus 
into  a  roomy,  endodermie  stomach  which  reaches  back  nearly  to  the 
anns,  a  short  proctodaeum  only  being  interposed  (Fig.  81). 

The  structure  of  the  heart  and  pericardium  closely  resembles 
that  of  the  same  organs  in  Myriapods  and  Insects. 

The  animal  breathes  by  bunches  of  tracheae  or  short  tubes  which 
pass  from  the  exterior  into  the  tissues  and  convey  air.  Their 
external  openings  or  stigmata  are  partly  in  two  rows  above  and 
between  the  legs  and  partly  scattei-ed  irregularly. 

At  the  base  of  each  leg  is  a  nephridium  which  ends  internally  in 
a  vesicle.  Em brj'ol epical  research  has  shown  that  this  vesicle  is 
a  remnant  of  the  true  coelom,  which  is  spacious  in  the  embryo, 
but  becomes  displaced  as  development  proceeds  by  the  haemocoel. 
Enclosed  in  the  proximal  part  of  the  leg  there  is  a  gland  called  the 
crural  gland. 

Peripatua  is  bisexual,  and  again  embryology  has  demonstrated 
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that  the  cavity  of  the  sexual 
Cleans  is  coelomic.  The  male 
deposits  its  spermatozoa  in 
packets  in  the  body  of  the 
female.  It  is  Bot  known  how 
they  reach  the  ova  but  they 
are  usually  found  in  the  ovary 
and  possibly  bore  their  way 
through  the  tissues,  as  they  do 
in  some  leeches.  The  ducts 
of  the  reproductive  organs  are 
believed  to  be  moditied  ne- 
phridia. 

The  nervous  system  con- 
sists of  a  brain  and  two  ventral 
cords,  which  however  do  not 
approach  one  another  but  lie 
wide  apart.  They  are  con- 
nected by  nine  or  ten  trans- 
verse commissures  in  each 
segment  (Fig.  81).  Posteriorly 
the  two  ventia)  nerve-cords 
fuse  above  the  proctodaeum, 
an  arrangement  which  recalls 
what  occurs  in  (certain  primi- 
tive Mollusca. 

There  are  many  species  of 
Peripatiu,  which  are  by  some 
authorities  grouped  into  three 
or  four  genera.  They  are 
found  in  widely  separated  ^ 
parts  of  the  world  and  afford, 
as  is  often  the  case  with  ar- 
chaic animals,  an  excellent 
example  of  "discontinuous 
distribution."  They  have  been 
found  in  South  America  and 
the  West  Indies,  in  South 
Africa,  in  Australia,  New 
Zealand,  and  in  some  of  the 
Islands  of  the  Malay  Archipel^c 
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10.  81.  Peripadis  capeiuM,  male,  dis- 
secied  to  bIiow  lliu  liii«rnal  organs 
X  2.  After  Balfour. 
,  Antennae,  showing  antennary  nerve. 
2.  Oral  papillii,  ;!,  3',  3'".  Isl,  2nd, 
and  10th  tei;  of  riglii  Kkle.  4.  Brain 
and  eyes.  E.  Circuui-oesopliaReal 
cord,  6.  Ventral  nerve-cord  of  right 
side,  allowing  the  transverse  comiuie- 
Bures.  7.  Pharynx.  8.  Stomach. 
0.  AnuH.  10.  Male  generative  open- 
ing. 11.  Salivary  gl.inds.  12.  Slime 
glands  and  rcHervoir.  I.^J.  Enlarged 
crural  gland  of  the  ITth  kg.  14<, 
W.  4th  and  10th  nepbridia  of  right 
Bide. 


and  in  Ixiwer  Siam. 
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The  development  of  Peripatua  first  definitely  solved  the  problem 
of  the  nature  of  the  various  spaces  in  the  Arthropod  body,  and  has 
also  thrown  much  light  on  some  of  the  i>eculiarities  of  insect 
embryology.  Some  species  lay  eggs  and  some  produce  living  young, 
and  thus  the  genus  affords  favourable  opportunities  for  checking 
theories  as  to  the  effect  of  development  within,  the  body  of  the 
parent  on  the  embryology  of  the  offspring. 

That  the  animal  is  a  most  interesting  "  missing  link  "  becomes 
evident  if  we  attempt  to  sum  »ip  the  Anuelidan  and  the  Arthropoilan 
features  of  its  anatomy.  Thus  Peripatua  resembles  Aiuielida  in  the 
nervous  system,  the  muscular  pharynx,  the  structure  of  the  eyes, 
the  serially  repeated  nepliridia,  the  shortness  of  the  stomodaeum 
and  of  the  proctodaeum,  the  thinness  of  the  cuticle  and  the  hollow 
nature  of  the  paii-ed  appendages  ;  but  in  the  indications  of  joints 
in  the  appendages,  the  reduction  in  size  of  the  coelomic  s^iaces, 
the  presence  of  a  wide  haemocoel  and  of  tracheae,  the  nature  of 
the  antennae  and  of  tlie  lieait  and  pericardium,  the  position  of  the 
genital  pore  and  the  presence  of  true  gnathites,  Periptitiis  approaches 
the  Myriapods  and  Insects, 

In  habits  these  animals  are  shy  and  inconspicuous,  hiding  under 
bark  or  stones,  and  preferring  a  moist  surrounding.  They  avoid 
the  light  and  move  with  deliberation,  testing  the  ground  as  they 
advance  with  their  antennae. 


Sub-class  B.     Myriapoda 

The  Myriapoda  (Gr.  /ivpiot,  countless)  are  characterised  by  the 
possession  of  a  head  distinct  from  the  rest  of  the  body,  bearing 
antennae,  mandibles,  and  one  pair  of  maxillae,  followed  by  a  large 
number  of  segments  bearing  simple  leg-like  appendages. 

Compared  with  the  ('rustacea  or  Insecta  the  group  is  a  small 
one,  yet  it  contains  some  thousands  of  species  which,  if  we  except  a 
few  small  families,  fall  readily  into  two  subdivisions  (I)  Chilopoiia, 
fwid  (II)  Diplopoda. 

Order  I.     ChJlopoda 

The  very  active,  lithe,  chestnut-brown,  rather  fierce-looking 
little  centipede,  LilhobiuH  forficatiis,  which  is  very  common  during 
the  summer  months  uuiler  the  bark  of  old  trees,  under  leaves  and 
other  rubbish,  is  a  good  example  of  the  Cliilopoda  (Gr.  xiXuv.  a 
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thousand)  or  Centipedes.  In  the  winter  it  buries  itself  in  the  soil. 
The  female  lays  her  eggs  from  June  till  August  and  hastens  to 
cover  each  with  a  thin  layer  of  eaith ;  otherwise  the  egg  is  seized 
and  devoured  by  her  mate. 

If  we  examine  a  little  more  closely 
one  of  these  Centipedes,  we 
F»twn  shall  see  that  the  body  is 
divided  into  a  head,  followed 
by  a  very  narrow  segment  and  then  by 
fifteen  other  segments  of  varying  size. 
The  head  bears  a  pair  of  long  antennae, 
the  first  appendages,  which  are  constantly 
waving  about.  Close  behind  the  point  of 
origin  of  these  antennae  lie  the  eyes.  If 
we  turn  the  animal  over  and  observe  the 
under  surface  of  the  head  we  shall  at 
once  see  a  pair  of  large  vicious-looking 
claws  —  the  poison  claws  or  fifth  pair  of 
appendages.  Tite  tip  of  each  of  these  is 
pierced  and,  as  it  strikes  the  prey,  a  drop 
of  poison  is  squeezed  out,  w^hich  soon 
kills  any  insect  or  larva  the  Centipede 
wishes  to  eat.  Although  the  tijis  of  the 
poison  claws  are  turned  forwards  beneath 
the  head,  yet  these  appendages  really 
spring  from  the  first  segment  of  the  trunk, 
which  is  enlarged,  and  is  known  as  the 
basilar  segment.  If  we  separate  with 
a  pair  of  mounted  needles  these  poison 
claws  we  shall  see  attached  to  the  head 
the  fourth  pair  of  appendages,  sometimes 
called  tlie  second  maxillae,  though  they 
resemble  legs  and  have  undeigone  little 
modification.  They  are  reduced  in  size 
and  each  has  a  blunt,  functionless  gnathobase.  In  front  of  these 
the  third  pair  of  appendz^es  or  first  maxillae  take  the  form  of  a 
lobed  plate,  being  united  with  one  another  in  the  middle  line. 
These  cover  in  their  turn  the  second  pair  of  appendages  or  mandi- 
bles which,  like  those  of  Insects  and  unlike  those  of  Crustacea, 
consist  simply  of  the  blade,  having  no  palp  or  feeler. 

The  fifteen  segments  which  succeed  the  one  carrying  the  poison 


Fio.  82.  A  Centipede,  Li- 
thobiug  foT^caliie.  Dor- 
Eal  aspect  x  I'i. 

1.  Antennae.  2.  Poison 
claws,  5th  pair  of  ap- 
peniia^es.  4.  First  pair 
of  walking  legs. 
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claws  each  bear  a  pjur  of  seven-jointed  roiuui^  legs  ending  in  a 
pair  of  claws. 

Near  the  base  of  some  of  the  legs  —  not  of  all  —  in  the  soft  akin 
uniting  the  hard  dorsal  and  ventral  plates  of  chitin, 
structure  *^  ^^  "^^^  Opening.  This  leads  into  a  chamber  from 
which  the  tracheae  pass  off.  These  tubes  divide  and 
subdivide  into  smaller  tubes,  which  run  all  over  the  body  and 
traverse  all  the  tissues,  eveu  entering  the  smallest  cell.  They  are 
lined  with  a  cuticle  of  chitin,  and  are  kept  from  collapsing  by  the 
presence  of  a  fine  spiral  thickening  of  tliia  cuticle  which  gives 
them  a  very  characteristic  appearance  when  seen  through  a  micro- 
scope. They  are  full  of  air  and  constitute  the  respiratory  appa- 
ratus of  the  Centipedes. 

The  existence  of  such  a  breathing  apparatus,  which  is  confined 
to  PeripatuB,  the  Myriapods,  the  Insects,  and  certain  of  the  Arach- 
nids, is  associated  with  certain  striking  features  in  the  internal 
anatomy  of  the  body.  In  most  animals  the  oxygen  of  the  air  is 
taken  up  by  the  blood,  and  carbon  dioxide  is  given  out,  at  certain 
fixed  points  called  gills  or  lungs,  and  the  vascular  system  is 
arranged  so  as  to  drive  the  blood  through  these  specialised  respi- 
ratory organs.  The  blood  takes  the  oxygen  to  the  various  tissues 
and  takes  from  them  the  carbon  dioxide  which  is  removed  from 
the  body  at  the  same  centres.  In  the  Tracheata  however  the  air 
is  itself  conveyed  by  means  of  the  tracheae  to  all  the  cells  of  the 
body,  and  the  gaseous  exchange  takes  place  on  the  spot.  Associ- 
ated with  this  remarkable  method  of  breathing  is  the  fact  that  the 
body  cavity  of  all  the  Arthropo<!a  is  really  a  blood-space,  and  the 
study  of  embryology  shows  that  the  real  coelom  is  almost  obliter- 
ated though  portions  of  it  probably  persist  as  the  cavities  of  the 
reproductive  organs.  The  blood  has  in  the  Tracheata  lost  one  of 
its  chief  functions,  the  respiratory  one,  and  exists  chiefly  as  a  nutri- 
tive fluid,  bathing  the  alimentary  canal  and  taking  up  from  it  the 
soluble  food  which  it  conveys  to  the  other  tissues.  It  ia  kept  in 
circulation  by  a  contractile  heart  which  lies  along  the  middle  dor- 
sal Hue  of  the  animal.  In  Litkobius  this  heart  has  a  pair  of  ostia 
or  openings  in  each  segment,  into  which  the  blood  from  the  peri- 
cardium pours,  only  to  be  sent  out  of  the  heart  again  at  its  anterior 
end  into  the  general  cavity  of  the  body,  for  here  the  heart  has  an 
opening  and  there  is  no  system  of  smaller  vessels  or  capillaries. 

Another  peculiarity  associated  with  the  above-mentioned  method 
o£  breathing  ia  the  nature  of  the  excretory  organs  which  rid  the 
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body  of  its  nitrt^nous  waste. 
In  Peripalua  we  find  more  or 
less  typical  nephridia,  and  we 
meet  with  modifications  of  these 
in  the  coxal  glands  of  some 
Arachnids,  but  in  the  Myria- 
poda  and  in  the  Insecta  these 
organs  are  wanting  and  their 
place  is  taken  by  certain  out- 
growths from  the  proctodaeura, 
called  after  an  Italian  anatomist 
Malpighian  tubules.  In 
LUkobiua  there  are  two  such 
tubules,  blind  at  their  free  end, 
and  at  the  other  opening  near  ■ 
the  hind  end  of  the  alimentary 
canal  (C,  Fig.  83).  Their  walls 
contain  traces  of  uric  acids  and 
urates  which  they  have  taken 
up  from  the  blood,  and  which 
they  presumably  excrete  through 
the  alimentary  canal. 

The  last^-named  organ  is  a 
straight  tube  which  runa  from 
one  end  of  the  body  to  the  other. 
A  pair  of  salivary  glands  pour 
their  secretion  into  it  near  the 
mouth,  but  no  other  digestive 
glands  exist.  Litholiius  is  car- 
nivorous, living  chiefly  upon 
insects,  their  larvae,  and  on 
earthworms. 

A  large  part  of  the  space  in 
the  head  is  occupied  by  the  bi- 
lobed  brain  which  supplies  the 
antennae  and  the  mouth  append- 
ages. This  brain  is  connected 
by  means  of  para-oesophageal  commissures  with  a  long  ganglion- 
ated  ventral  cord  which  supplies  nerves  to  the  legs  and  the  rest  of 
the  body  (Fig.  83). 

Myriapods  are  bisexual,  the  ovary  and  testis  are  continuous  with 


Lithobius  /orficafu*,  dls- 
M  sliow  internal  nrgaDS  x 
After  Vogt  and  Yung. 
2.  Poison  claw.  3. 
Salivary  gland.  4.  Walking  legs. 
5.  Ventral  iierve-cord.  fi.  Mal- 
piflhian  tubule.  7.  ^'e8iFula  aenii- 
nalis,  8.  KmaJl  accpHBury  gland. 
9.  Lai^e  accessory  eland.  10.  Un- 
paired teBtis.    11.  Alimentary  canal. 
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their  ducts  which  open  to  the  exterior  on  the  ventral  surface  of  rhe 
last  segment. 

Order  II.    Diplopoda 

The  second  large  subdivision  of  the  Myriapoda  is  well  illustrated 
by  the  black  wire-worm,  lulus  terreslria,  very  commonly  found  in 
Great  Britain  curled  up  under  stones  or  burrowing  Ju  the  soil,  where 
it  is  said  to  do  much  damage  by  gnawing  the  tender  roots  of  jilants, 
for  all  Diplopods  (Gr.  &tXo<k,  double)  are  vegetarians. 

The  wire-worm  is  a  black,  shiny,  cylindrical  animal  with  an 
enormous  number  of  legs,  in  spite  of  which  its  movements  are  much 
slower  than  are  those  of  Lrtftoifiis.  The  terga  or  dorsal  shields  are 
in  this  sub-group  very  much  enlarged,  whilst  the  sterna  or  ventral 
sldelda  are  very  much  reduced,  and  thus  it  comes  about  that  the 
bases  of  each  pair  of  legs,  instead  of  being  separated  by  the  width 
of  the  body,  are  close  together.  Another  peciiliai'ity  in  this  sub- 
division is  that  each  tergum  corresponds  with  two  segments,  and 
that  each  apparent  segment  bears  two  pairs  of  legs  and  has  the 
internal  organs  also  duplicated.  This  double  arrangenteut  however 
only  begins  at  the  tifth  segment  behind  the  head. 


Fio.  S4.     luluM  terrestris,  somelimeH  called  tbe  "  Wire-norm."     Front  Koch 

X  abuut3J. 
1.   AnteDoae.        2.   Eyes.        3.    Legs.         i.    Purea  for  the  escape  of  the 

1  of  the  stink -glands. 


The  appendages  on  the  head  are:  —  (i)  Short,  usually  clubbed- 
shaped  antennae ;  (ii)  mandibles ;  and  (iii)  a  single  pair  of  maxillae 
fused  into  a  lobed  plate. 

Both  the  first  two  segments  behind  the  head  bear  but  one  pair 
of  legs,  the  third  has  no  legs  but  carries  the  opening  of  the  gen- 
erative ducts.  The  fourth  free  segment  has  one  pair  of  legs,  the 
remainder  two  pairs. 

The  female  lulus  lays  its  eggs,  some  60  to  100,  in  an  earthen 
receptacle  she  has  prepared  beneath  the  surface  of  the  ground. 
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The  subclass  Myriapoda  can  be  classified  as  follows :  — 

Order  1.    Ohilopoda. 

Animal  flattened  dorso- ventral ly,  bases  of  legs  wide  apart :   ' 
to  each  tergum  corresponds  one  pair  of  legs:   the  segment 
following  the  head  has  a  laige  pair  of  poison  claws :  genital 
opening  between  the  last  pair  of  legs. 

Ex.     Lithobius. 

Order  2.     Diplopoda. 

Animal  cylindrical,  bases  of  legs  close  together:  to  each 
t«rgum  behind  the  fourth  correspond  two  paii-s  of  legs:  no 
poison  claws:  genital  opening  on  the  third  segment  behind 
the  head. 

Ex.     lulus. 

Subclass  C.     Ins  EOT  A 

The  immense  group  of  Insects  far  outnumbers  in  species  any 
other  group  of  animals  and  in  all  j^robability  exceeds  in  number  all 
the  s]>ecie3  of  the  rest  of  the  animal  world.  Kew  insects  are  con- 
stantly being  discovered,  and  although  some  quarter  of  a  million 
have  already  been  named  and  to  some  extent  described,  it  is 
believed  that  at  least  as  many  more  remain  unrecorded. 

In  spite  of  these  numbers,  Insects  are  as  a  whole  a  uniform 
group,  and  show  less  diversity  in  size  and  structure  than  many  of 
the  smaller  groups,  as  for  instance  the  Crustacea  or  the  MoHusca. 
Probably  their  great  number  and  small  range  of  structural  variation 
is  not  unconnected  with  the  fact  that  they  have  found  a  new 
medium  in  which  to  pass  some  part,  at  any  rate,  of  their  life.  The 
other  group  of  animals  which  have  taken  to  flying  and  lead  an 
aerial  life  —  the  birds  —  show  a  somewhat  similar  range  of  species 
accompanied  by  a  uniformity  of  structure  which  in  their  case  is 
even  more  marked. 

Insects  may  be  characterised  by  their  body  being  divided  into 

three  distinct  regions,  the  head,  the  thorax,  and 

FmI^.       *^^  abdomen  (Pig.  85).     The  head  bears  one  pair 

of    antennae    and    three    pairs    of    gnathites.      The 

thorax  consists  of  three  enlarged  segments,  each  of  which  bears 
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OB  the  ventral  surface  a  pair  of  legs,  and  the  two  hindermost  of 
which  bear  on  the  dorsal  surface  a  pair  of  wings.  The  abdomen 
consists  of  a  varying  number  of  segments,  ten  beii^  perhaps  the 
usual  number  but  fewer  often  occur.  The  abdomen  bears  no 
appendages  except  at  the  posterior  end,  where  a  pair  of  rod-like 
outgrowths  —  the  anal  ceroi  —  are  of  ten  found. 

Owing  to  the  similarity  of  Insects  to  one  another  and  their  great 
numlwr  the  study  of  them  has  become  a  very  special  branch  of 
-Zoology,  which  is  termed  Entomology.  The  necessity  of  ex- 
tremely detailed  study  is  due  to  the  same  cause,  and  a  great  number 
of  technical  terms  are  in  use  for  describing  the  numerous  structures 
which  build  up  the  body  of  the  Insect. 

In  this  short  book  it  will  only  be  possible  to  indicate  a  few 
points  about  the  anatomy  of  Insects,  and  we  will  take  as  a  type  the 
«ommon  Cockroach  because  it  is  both  a  generalised  form  and  not 
too  smaU  for  dissection. 

The  common  Cockroach  of  the  British  kitchen  is  Periplaneta 
orientalis,  but  a  larger  form,  Periplaneta  amej'kaita,  is  often  met 
with  on  ships  and  from  them  makes  its  way  to  the  docks ;  it  is 
also  often  found  in  Zoological  Gardens,  etc.  P.  germanica,  a  small 
species,  is  becoming  increasingly  common  in  England. 

The  whole  body  of  the  Cockroacli  is  covered  by  a  chitinous 
covering  which  varies  in  thickness,  from  the  black,  hard  head  to 
the  thin,  whitish  areas  which  exist  at  the  joints  and  which  permit 
movement  of  the  harder  parts  on  one  another.  Except  in  the  head 
the  segments  of  the  body  can  be  detected  externally,  and  as  in 
other  members  of  the  Arthropoda  the  segmentation  affects  some 
only  of  the  interna!  structures,  such  as  the  heart,  the  tracheae,  the 
muscles,  and  the  nervous  system,  the  other  organs  of  the  body  not 
being  influenced  by  it. 

The  head  of  a  Cockroach  is  a  flattened  structure  placed  at  right 
angles  to  the  axis  of  the  body.  It  is  oval  in  outline,  ita  upper  edge 
being  considerably  broader  than  the  lower.  It  is  loosely  jointed  to 
the  thorax  by  a  neck  which  permits  considerable  movement  (Fig. 
85).  This  neck  enters  the  head  near  its  upper  edge  and  below  it 
the  bead  hangs  free.  On  the  upper  and  outer  edge  of  the  head 
are  a  pair  of  kidney-shaped  eyes  of  a  shining  black  colour,  on  the 
inner  curve  of  which  the  antennae  or  feelers  have  their  origin. 
These  are  long  whip  structures,  often  as  long  or  longer  than  the 
body;  they  are  made  up  of  many  joints,  and  during  life  are  in 
active  movement,  now  stretched  downward  as  if  trying  the  ground 
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Flo.  86.    Feriplaneta  orientalia,  male  x  2.      A.  Doreal  view.     B.  Side  view. 
From  KUkenthal. 

A.  1.  Antenna.  2.  Palp  of  first  maxilla.  3.  I'rotborax.  *.  Anterior 
wings.  G.  Femur  of  second  leg.  0.  Tibia.  T.  Tareua.  8.  Cerci 
onales.      0.    Styles. 

B.  1.  Antenna.  2.  Head.  3.  Prottiomx.  4.  Anterior  wing.  6.  Soft 
skin  between  tei^  and  atema.  6.  Sixth  alMlominal  tergam.  T.  Split 
portion  of  tenth  Bbdominal  tergum.  8.  Cerci  anales.  0.  Styles.  10.  Coxa 
of  third  leg.  11.  TroclianteT.  12.  Femur.  18.  Tibia.  14.  TanuB. 
16.  Claws. 
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oD  which  the  creature  moves,  and  now  waving  aloft  as  if  testing 
the  air. 

The  mouth  is  on  the  lower  edge  of  the  head  and  is  covered  in 
front  by  a  small,  moveable  flap  called  the  lab  rum  or  upper  lip. 
At  the  sides  it  is  protected  by  the  first  aud  the  second  pairs  of 
appendages,  and  behind  the  fusion  of  the  right  and  left  third  pair 
forms  a  plate  called  the  labium,  which  completes  the  boundaries 
of  the  mouth  behind  (Fig.  86). 

If  the  first  pair  of  mouth-appendages  or  mandibles  be  removed 
from  the  head  and  examined  through  a  lens,  each  is 
Appeodagc*  ^^^^  to  be  a  single-jointed  stout  jaw  with  a  toothed 
inner  edge  which  bites  against  the  coi-responding  part 
of  its  fellow.  It  is  characteristic  of  the  mandibles  of  lusectato 
have  no  palp  or  remnant  of  the  distal  joints  of  the  limb,  such  as  is 
almost  universally  present  in  Crustacea. 

Behind  the  mandibles,  and  like  them  situated  on  each  side  of 
the  mouth,  are  the  first  maxillae.  Each  consists  of  a  number  of 
joints,  and  each  joint  has  a  special  name.  Like  the  typical 
gnathite  of  other  Arthropods  we  may  regard  them  as  consisting 
of  a  limb-like  appendage  with  outgrowths  from  the  basal  joints 
biting  against  corresponding  proces.ses  —  gnathobases  —  of  the 
fellow  appendage.  There  are  two  of  these  gnathobases,  the  hard, 
pointed  lacinia  and  an  outer  portion, the  softer  galea  (B,  Fig.  80). 
The  lowest  joints  form  an  L-shaped  hinge  which,  when  opened  out, 
protrudes  the  jaw.  The  outer  portion  of  the  first  maxilla  is  many- 
jointed,  and  is  sensory  in  function,  constantly  touching  and  testing 
the  ground  as  the  animal  moves  about.  It  is  called  the  maxil- 
lary palp. 

The  second  maxillae  are  united  across  the  median  line  and  thus 
constitute  a  fold  or  plate  called  the  labium,  which  bounds  the 
mouth  behind  as  the  labrum  bounds  it  in  front  (C,  Fig.  86).  Each 
half  may  be  resolved  into  elements  similar  to  those  of  the  first 
maxillae,  the  fused  basal  joints  of  the  pair  of  appendages  form  the 
mentum  and  8ub-)ne»tum,  the  galea  being  represented  by 
the  paraglossa,  whilst  the  inner  gnathobaae  corresponds  with  the 
lacinia  and  is  termed  the  lignla.  As  in  the  case  of  the  first 
maxilla  the  outer  joints  of  the  appendage  which  have  a  tactile 
function  are  termed  the  labial  palp. 

The  thorax  is  built  up  of  three  segments,  the  pro-,  meso-, 
and  meta-thorax.  The  skeleton  of  each  segment 
consists  of  a  dorsal  hard  piece,  the  tergum,  united 
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Trith  a  corresponding  ventral  piece,  the  sternum,  by  a  soft  in- 
tervening pleural  membrane.  The  tergum  of  the  first  thoracic 
segment  is  clearly  visible,  but  the  meso-  and  meta^terga  are 
concealed  by  the  wings.  The  two  pairs  ot  wings  are  formed  by 
folds  of  the  skin  arising  from  tlie  terga  of  the  meso-  and  meta- 
thorax  respectively,  and  in  a  state  of  rest  conceal  the  dorsal  surface 
of  the  animal  behind  the  prothorax.  The  front  pair  are  termed 
elytra;  they  are  hard  and  horny,  one  overlaps  the  other,  and  they 
probably  serve  more  aa  protectors  to  the  delicate  hind  wings  than 


Fio.  88.     Mouth-append  ages  of  Periplaneta.     Magnified. 
A.    Mandible.        B.    lut  maxilla.         1.    Cardo.        2.    Stipes.        3.    Tjacinia. 
4.   Galea.         6.   Palp.         C.    Right  and  left  2nd  maxillae  fuaed  to  form 
the  labium.      1.   Submentum.      2.    Menlum.      3.   Llgula,  corresponding 
to  tbe  lacinia.       4.   Faraglosaa,  correHponding  to  the  galea.       &.   Talp. 

as  organs  of  flight.  The  posterior  wings  are  thin  and  membranous, 
and  are  of  greater  area  than  the  elytra,  and  they  constitute  the 
effective  oi^ans  in  the  rare  flight  of  the  Cockroach.  At  rest  they 
are  folded  like  a  fan  and  concealed  by  the  elytra.  In  Periplaneta 
orietitidis  the  wings  —  as  is  not  uncommon  amongst  Insects  —  are 
rudimentary  in  the  female. 

The  ventral  plate  or  sternum  of  each  thoracic  segment  bears  a 
pair  of  legs  by  means  of  which  the  Cockroach  scuttles  i-apidly  about. 

Each  leg  consists  of  a  number  of  joints,  viz.  a  thick  flat  coxa, 
applied  to  and  articulating  with  the  sternum ;  a  minute  triangular 
joint,  the  trochanter;  a  stout  joint  called  the  femur;  a  more 
slender  one  termed  the  tibia,  armed  with  spines;  then  a  piece  con- 
sisting of  six  short  joints  called  the  tarsus,  with  a  vdiitish  hairy 
patch  under  each  joint  which  acts  as  a  sole ;  and  finally  a  pair  of 
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tenninal  claws  (Fig.  86).  These  namee,  as  ia  too  often  the  case  in 
Zoolc^,  were  suggested  by  fanciful  and  misleading  comparisons 
with  the  parts  of  the  vertebrate  limb. 

The  abdomen  consists  of  ten  segments,  and  here  the  terga  and 
sterna  can  be  easily  seen,  as  they  are  not  obscured  by 
the  insertion  of  the  wings  and  legs.  The  eighth  and 
ninth  terga,  are  however  both  tucked  under  the  seventh  and  are  not 
readily  seen  until  the  animal  is  artificially  sti-etched.  The  tergum 
of  the  tenth  or  last  segment  stands  out  from  the  hind  end  of  the 
animal  and  is  cleft  into  two  lobes.  The  sterna  are  equally  distinct, 
but  the  first  ia  small.  The  abdomen  is  broader  in  the  female  than 
in  the  male,  and  the  seventh  sternum  is  shaped  like  the  bow  of  a 
boat  and  projects  backwards,  hiding  the  posterior  sterna  and  sup- 
porting the  lower  surface  of  a  roomy  pouch  or  cavity  in  which  the 
egg-case  is  formed.  In  the  male  the  seventh  sternum  conceals  the 
eighth  and  ninth. 

The  stigmata  leading  to  the  tracheae  are  placed  in  the  soft 
pleural  membrane  connecting  terga  and  sterna. 

The  abdomen  is  usually  regarded  as  being  without  appendages, 
but  a  pair  of  jointed  cerci  anales  emerge  below  the  edge  of  the 
tenth  tergum  in  each  sex,  and  in  the  male  the  ninth  sternum  bears 
a  pair  of  anal  styles.  The  claim  of  these  structures  to  be 
reckoned  as  appendices  of  the  same  rank  as  the  antennae,  the 
gnathites  and  the  legs,  was  at  one  time  not  generally  conceded, 
but  appears  to  be  now  fairly  established  for  the  cerci  anales. 

In  the  soft  tissue  between  the  tenth  tergum  and  the  last  visible 
sternum,  at  the  hind  end  of  the  body,  is  placed  the  anus,  below 
it  the  single  genital  pore  is  situated.  The  anus  is  supported  by 
certain  thickened  plates  in  the  skin,  known  as  podical  plates, 
and  around  the  genital  orifices  are  arranged  certain  rods  and  bars, 
symmetrical  in  the  female  but  asymmetrical  in  the  male,  whose 
functions  and  meaning  are  obscure,  but  which  are  connected  with 
the  processes  of  conjugation  and  of  egg-laying.  As  we  have  seen, 
this  region  is  in  the  female  enlarged  into  a  genital  sac  by  the 
growth  and  modification  of  the  seventh  sternum,  and  the  tucking 
into  the  space  so  farmed  of  the  skin  carrying  the  eighth  and  ninth 
sterna.  The  opening  of  the  oviduct  is  on  the  eighth  stemum,  and 
on  the  ninth  is  the  single  opening  of  the  receptaculum  seminis  or 
spermatheca,  which  consists  of  two  pouches  of  unequal  size  composed 
of  inturned  ectoderm  ;  these  are  always  found  full  of  spermatozoa 
in  the  fertilised  female.    The  spermatozoa  apparently  leave   the 
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spermatliecaa  when  the  egga  are  being  laid  and  fertilise  the  ova 
whilst  they  are  in  the  genital  sac.  Two  glands,  consisting  of 
branching  tubes — called  colleterial  glands  —  open  separately 
behind  the  spermatheca.  They  secrete  a  fluid  which  hardens  to 
form  the  e^-capsule  in  which  the  eggs  are  laid.  This  is  moulded 
in  the  genital  sac  and  may  often  be  seen  half -protruding  between 
the  distended  seventh  sternum  of  the  mature  female. 

When  the  skin  is  removed  from  the  dorsal  surface  of  the  Cock- 
roach the  cavity  laid  open  is  not  a  coelom  but  a 
Ekr^ure  haemocoel,  and  it  is  largely  filled  by  a  loose  white 
tissue,  known  as  the  fat-body,  which  surrounds  the 
various  internal  organs.  If  the  alimentary  canal  be  disentangled 
from  this  it  is  at  once  evident  that  in  Insects,  unlike  other  Arthro- 
pods, the  intestine  is  longer  than  the  body  and  the  larger  portion 
of  it  which  lies  in  the  abdomen  is  coUed  in  order  to  stow  it  away. 
Like  the  digestive  tube  of  other  Arthropods  a  large  part  of  its  length 
consists  of  the  stomodaeum  and  proctodaeum.  The  former  consists 
of  an  oesophagus  which  quickly  passes  into  a  large  crop  in  which 
the  food  is  stored  during  digestion.  The  lining  of  both  these 
regions  bears  hairs  and  the  muscles  in  their  walls  are  striped.  The 
crop  is  followed  by  a  gizzard,  which  bears  internally  six  hard 
chitinous  teeth,  and  behind  them  are  fine  hairs  which  act  as  strainers, 
so  that  only  finely  divided  food  can  pass  on  into  the  mesenteron  or 
chylific  ventricle,  as  the  part  of  the  alimentary  canal  is  called 
which  alone  is  lined  by  endoderm  and  is  capable  of  absorbing 
nourishment.  This  tube  is  produced  in  front  into  seven  or  eight 
pouches,theao-called  hepatic  diverticula.  The  mesenteron, the 
limit  of  which  is  marked  by  the  insertion  of  the  Malpighian  tubules, 
is  succeeded  by  the  intestine  or  proctodaeum,  a  long  coiled  tube 
which  enlarges  posteriorly  and  opens  by  the  anus.  The  enlarged 
portion  is  called  the  rectum  (Fig.  87),  the  anterior  coiled  portion 
the  colon. 

Lying  along  the  crop  on  each  side  is  a  pair  of  branched  glands 
—  the  salivary  glands — and  a  bladder  termed  the  salivary 
reservoir.  All  three  are  provided  with  long  ducts.  Those  of 
the  two  glands  on  each  side  unite  to  form  a  single  tube  which  then 
receives  the  duct  of  the  reservoir,  and  the  common  ducts  of  the  two 
sides  open  behind  the  mouth  but  in  front  of  the  second  maxillae. 
The  saliva  converts  starch  into  sugar.  The  secretioa  of  the  hepatic 
diverticula  emulsifies  fats  and  turns  insoluble  proteids  into  the 
soluble  forms  (peptones).    This  secretion  seems  to  pass  forward  into 
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the  crop  and  there  the  true  digestion  is  effected.  The  digested  and 
soluble  food  then  passes  through  the  filter  of  the  gizzard  into  the 
mesenteron,  where  absorption  of  the  nutritious  parts  is  effected,  the 
undigested  portions  passing  on  to  the  intestine  and  so  out  of  the 
body.  The  celle  of  the  mesenteron  undoubtedly  exert  some  action 
on  the  products  they  absorb,  though  we  are  ignorant  of  its  precise 
nature,  but  in  the  end  they  pass  on  the  products  of  digestion — altered 
no  doubt  —  to  the  blood  which  everywhere  bathes  the  alimentary 
canal,  and  by  this  the  new  material  is  conveyed  all  over  the  body. 


1.    Head.        2.  Labrum.        S.   AnUnna,  cut  Hhort.       4.   Eye.        5.  Crop. 

B.  Nervous  iiyalem  of  crop.  7.  Giiiard.  8,  Hepatic  caeca.  9.  Mid-pJl 
or  mesenleron.  10.  Ma  I  pighian  tubules.  II.  Colon.  12.  Uectum. 
13.  Salivary  gUnds.  14.  Salivary  receptacle.  16.  Brain.  10.  Veutral 
nerve'cord  with  ganglia.  17.  Ovary.  18.  Spermatheca.  19.  Oviduri. 
2<^.  Geuital  poiicli  in  which  the  egg-cocoon  is  found.  21.  Colleterial 
glands,        22.    Anal  cercus. 

The  blood  is  kept  in  circulation  by  the  heart  which  lies  in  the 
middle  dorsal  line  close  under  the  skin;  in  fact  it  can  be  seen 
through  the  skin  in  the  region  of  the  abdomen.     It  is  a  long  vessel 
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made  up  of  thirteen  chambers  corresponding  with  the  three  thoracic 
aDd  ten  abdominal  segments,  each  chamber  opening  into  the  one  in 
front  and  the  whole  somewhat  resembling  a  row  of  funnels  fitted  one 
intu  another.  At  the  broader  hinder  end  of  each  chamber  is  a  pair 
of  o  8 1  i  a  or  holes,  through  which  the  blood  enters  from  the  peri- 
cardium, and  there  are  valves  which  prevent  the  blood  being  forced 
out  of  the  ostia  or  forced  backward  when  the  heart  contracts,  so 
that  its  only  course  is  to  flow  forward.  The  pericardium  is  separated 
from  the  rest  of  the  haeuiocoel  by  the  pericardial  septum,  in  which 
however  there  are  certain  holes  which  permit  an  interchange  of  con- 
tents between  the  two  cavities.  When  at  rest  the  pericardial  septum 
is  arched  upwards,  but  it  is  pulled  outwards  and  flattened  by  the  ■ 
periodic  contraction  of  certain  muscles  attached  to  its  sides  called 
the  alary  muscles,  thus  enlarging  the  pericardium  and  causing  an 
inflow  of  blood  into  it  from  the  rest  of  the  haemocoel.  This  blood 
enters  the  heart  when  it  is  relaxed  and  the  ostia  are  open,  and  hence 
by  the  alternate  contractions  of  the  alary  muscles  and  the  muscular 
wall  of  the  heart  the  circulation  is  maintained. 

The  anterior  end  of  the  heart,  called  the  aorta,  opens  by  a 
trumpet-shaped  orifice  into  the  haemocoel  and  the  blood  ponrs  out 
of  this  and  bathes  all  the  organs  of  the  body.  It  thus  takes  up  the 
soluble  food  which  has  left  the  alimentary  canal  and  conveys  it  to 
those  parts  of  the  body  where  it  is  needed,  and  in  a  similar  way  it 
gives  up  its  superfluous  fat  to  be  stored  up  in  the  fat  bodies  and  its 
urates  or  waste  nitrogenous  material  to  the  Malpighian  tubules, 
whence  they  are  passed  out  of  the  body.  It  is  noticeable  that  just 
aa  water-plants  are  as  a  rule  not  of  a  compact  shape,  but  finely 
subdivided  so  as  to  expose  as  large  a  surface  as  possible  to  the 
surrounding  medium,  so  in  the  body  of  the  Cockroach,  the  various 
organs  are  long,  tubular,  or  diffuse  structures  offering  a  large 
surface  to  the  nourishing  and  purifying  blood. 

The  heart  contracts  almost  as  frequently  as  the  normal  human 
heart,  i.e.  about  seventy-two  times  a  minute  when  the  Cockroach  is 
at  rest,  hut  at  other  times  its  rate  of  contracting  varies  a  good  deal. 
The  blood  is  colourless  and  contains  amoeboid  corpuscles.  It  is 
slightly  alkaline. 

It  is  obvious  from  the  above  account  that  in  the  Cockroach  the 
blood  is  mainly  a  means  of  conveying  nutriment  to  the  organs  and 
taking  certain  waste  matter  from  them,  and  that  unlike  what  is 
usual  in  other  animals,  its  respiratory  function  is  at  a  minimum. 
Owing  to  the  nature  of  the  tracheae,  the  air  with  its  oxygen  is 
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taken  directly  to  each  organ,  almost  to  each  ceil,  without  the 
intervention  of  the  blood. 

The  tracheal  system  opene  to  the  outer  air  by  ten  pairs  of  oval 
pores  or  stigmata.  These  lie  in  the  soft  integument  between  the 
terga  and  sterna,  one  pair  just  in  front  of  the  mesothorax,  one 
pair  just  before  the  metathorax,  and  eight  pairs  just  in  front  of 
each  of  the  first  eight  abdominal  segments,  so  that  they  seem  to  be 
intersegmental  in  position.  These  openings  lead  into  tubes  or 
tracheae  which  soon  bifurcate  and  divide.  The  larger  branches 
have  a  definite  and  symmetrical  arrangement.  There  are  dorsal 
arches  running  up  towards  the  heart  and  ventral  arches  descending 
towards  the  nerve-cord.  These  arches  are  connected  with  one 
another  longitudinally  by  trunks  which  run  on  each  side  of  the 
pericardium  and  the  nerve-cord.  Large  trunks  also  are  given 
oS  to  the  alimentary  canal.  It  follows  that  should  one  stigma 
become  blocked,  the  organs  which  its  tracheae  supply  ai'C  still 
provided  with  air.  The  finer  branches  become  smaller  and  smaller 
until  they  become  veritable  capillaries  which  penetrate  every  tissue. 

The  tracheae  being  full  of  air  present  a  glistening  silvery  ap- 
pearance, which  is  unmistakeable.  They  are  prevented  from  col- 
lajjsing  by  the  presence  of  a  spiral  thickening  of  the  chitinous  lining 
which  runs  round  the  interior  of  the  tube  just  as  the  wire  spiral 
strengthens  the  india-rubber  tube  of  some  kinds  of  garden  hose. 
Respiration  is  effected  by  the  alternate  arching  up  and  flattening  of 
the  abdomen,  resulting  in  an  alternate  increase  and  diminution  of 
its  volume,  which,  since  the  blood  is  incompressible,  results  in  an 
alternate  inrush  and  expulsion  of  air  from  the  tracheae.  In  all 
probability  only  the  contents  of  the  larger  tracheae  are  affected  by 
this  process;  by  diffusion  the  oxygen  from  this  "tidal  air"  is  handed 
on  to  the  finer  tracheae  and  thence  to  the  blood. 

In  Insects  the  tracheal  mode  of  respiration  reaches  its  highest 
developeinent,  and  it  is  accompanied  by  a  correlative  diminution  and 
si ni pi ifi cation  of  the  circulatory  apparatus,  the  oxygen  of  the  air 
being  conveyed  directly  to,  and  tlie  carbon  dioxide  removed  directly 
from,  the  cells  to  the  outer  air,  whilst  the  blood  loses  its  respiratory 
function.  It  is  doubtful  how  far  this  state  of  things  is  connected 
with  the  peculiar  disappearance  of  the  coelom  —  which  presumably 
only  exists  in  the  cavity  of  the  reproductive  organs  —  because  a 
similar  replacement  of  the  coelom  by  a  haemocoel  is  found  in 
Crustacea  and  Molhisca,  where  the  blood  is  respiratory  and  the  gills 
are  compact  and  active  organs ;  but  it  probably  is  correlated  with 
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the  modification  which  the  excretoij  system  undergoes,  and  this 
again  is  undonbtedly  influenced  by  the  state  of  the  body  cavity. 

Peripatua,  the  most  primitive  Arthropod,  has  typical  nephridia, 
each  of  which  opens  interaaliy,  not  into  a  general  coelom,  but  into 
a  small  sac,  which  is  really  a  special  part  of  the  coelom  not  com- 
municating with  any  other  coelomic  space  but  belonging  only  to 
the  nephridium  which  opens  into  it.  The  main  body  cavity  is  a 
haemocoel.  Mollusca  also  retain  a  pair  of  typical  nephridia,  or  in  the 
case  of  Ndutibia,  two  pairs.  These  organs  open  iuto  special  coelomic 
spaces  which  are  as  a  rule  small,  the  more  spacious  cavities  of  the 
body  i>eing  haemocoelic.  Crustacea  probably  retain  nephridia,  those 
of  the  fourth  segment  —  shell  glands  —  being  persistent  in  the  En- 
tomostraca,  whilst  those  of  the  second  segment  —  green  glands  — 
persist  in  the  Malacostraca.  It  is  not  absolutely  proved,  but  it 
seems  probable,  that  the  inner  ends  of  these  glands  represent 
coelomic  spaces.  But  even  amongst  Crustacea  in  certain  Amphtpods, 
for  instance,  we  iind  the  transference  of  the  function  of  the  nephridia 
to  outgrowths  of  the  alimentary  canal.  In  Arachnids  the  nephridia 
or  cosal  glands  show  very  varying  degrees  of  developement,  but  on  the 
whole  they  are  tending  to  die  out  and  to  be  replaced  by  MalpigLian 
tubules  or  diverticula  of  the  intestine.  Finally  in  Myriapods  and 
Insects,  where  the  true  coelom  is  I'educed  to  its  minimum  and 
where  the  tracheal  mode  of  respiration  attains  a  very  high  degree  of 
developement,  all  traces  of  nepliridia  have  disappeared  and  the  waste 
nitrogenous  matter  is  excreted  solely  by  the  Malpighian  tubules. 

These  are  very  fine  long  caecal  diverticula,  —  so  fine  as  to  be 
but  just  visible  to  the  unaided  eye,  60-80  in  number,  arranged  in 
six  bundles  which  open  into  the  beginning  of  the  narrow  part  of 
the  proctodaeum.  They  float  in  the  blood,  winding  about  amongst 
the  abdominal  viscera  {Fig.  87).  They  contain  crystals,  pi-obably  of 
urate  of  soda,  which  are  taken  up  from  the  blood  and  which  leave 
the  body  through  the  intestine. 

The  nervous  system  of  the  Cockroach  is  constructed  on  the  same 
plan  as  that  of  the  other  segmented  Invertebrates  with  which  we 
have  had  to  do.  There  is  a  large  supra-oeaophageal  ganglion  or  brain 
connected  by  commissures,  which  encircle  the  oesophagus  and  unite 
below  in  a  sulMiesophageal  ganglion.  Ti^ether  these  occupy  a 
considerable  portion  of  the  cavity  of  the  head.  The  supra-oeso- 
phf^eal  ganglion  supplies  paired  nerves  to  the  eyes  and  to  the 
antennae,  and  is  thus  the  sensory  centre.  The  snb-oesophageal 
ganglion  supplies  the  mandibles  and  both  pairs  of  maxillae.    From 
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it  two  cords  paas  backward  and  bear  three  pairs  of  ganglia  in  the 
thorax  and  six  in  tbe  abdomen.  This  difference  between  the  number 
of  nerve  ganglia  and  the  number  of  segments  is  carried  to  a  much 
further  extent  in  some  Insects  where,  as  in  Spiders,  all  the  post- 
oesopbageal  ganglia  tend  to  fuse  into  a  common  nervous  mass  in 
the  thorax  (Fig.  68). 

The  only  sgiecialised  sense  organs  are  the  eyes  and  the  antennae. 
The  eyes  have  fundamentally  the  same  structure  as  those  of  the 
Crustacea;  the  antennae  are  the  seat  of  the  senses  of  smell  and 
taste,  and  are,  in  addition,  very  delicate  tactile  organs.  The 
maxillary  palps  are  also  tactile,  and  are  constantly  touching  and 
testing  the  ground  on  which  the  Cockroach  is  moving. 

Cockroaches  are  bisexual.  The  ovaries  in  the  female  consist  of 
two  sets  of  eight  tubes,  uniting  at  their  anterior  end 
into  two  cords  which  pass  to  the  dorsal  wall  of  the 
thorax  and  become  attached  to  the  pericardial  septum,  and  at  their 
posterior  end  fusing  into  two  short  oviducts  which  join  to  form  a 
small  uterus  (Fig.  87).  Each  of  the  sixteen  tubes  contains  cells, 
some  of  which  become  ova,  and  as  they  approach  the  oviduct  the 
ova  become  arranged  in  a  single  row.  At  the  same  time  they 
increase  greatly  in  size  by  the  deposition  of  yolk  in  the  egg,  so  that 
an  ovum  just  before  it  leaves  the  body  is  of  considerable  size. 

The  eggs  are  apparently  fertilised  after  leaving  the  uterus  by 
spermatozoa,  which  emerge  from  the  spermatheca  (in  which  they 
have  been  deposited  by  the  male)  situated  behind  the  o^^ening  of 
the  uterus.  Whilst  still  in  the  genital  pouch  the  fertilised  eggs 
ai'e  surrounded  by  the  secretion  of  the  colleterial  glands  which 
open  behind  the  spermatheca,  and  this  secretion  hardens  into  the 
egg-capsule  or  cocoon. 

The  paired  testes  of  the  male  are  only  functional  during  youth, 
and,  as  they  diminish  in  size  after  they  cease  to  function,  they  are 
only  to  be  found  with  difBculty.  They  lie  concealed  by  the  tat  body 
below  the  terga  in  the  region  of  the  fourth,  fifth,  and  sixth  abdominal 
segments.  They  look  somewhat  like  elongated  bunches  of  cherries, 
their  translucent  colour  strongly  contrasting  with  the  opaque 
white  of  the  fat-body.  Two  vasa  deferentia  lead  from  the  testes  to 
a  pair  of  large  reservoirs  called  vesiculae  semiuales,  which  together 
form  the  mushroom-shaped  gland.  Into  these,  at  an  early  age, 
the  cells  destined  to  form  spermatozoa  pass  from  the  testes  and 
there  they  undergo  their  further  dev elopement.  The  mushroom- 
shaped  gland  opens  to  tbe  exterior  by  means  of  a  short  muscular 
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tube,  the  ductus  ejaculatorius,  which  has  its  orifice  just  below  the 
anus.  The  name  of  the  glaud  is  derived  from  its  form ;  it  has  a 
thick  stalk  suiTounded  by  a  crown  of  branches.  Fertilisation  and 
oviposition  take  place  during  the  summer. 

Sixteen  eggs  are  laid  in  each  egg^iapsule,  and  for  some  seven 
or  eight  days,  until  the  mother  finds  some  warm  and  secluded 
hidiug-place  to  deposit  her  load,  she  carries  about  the  capsule,  half- 
protruding  from  the  genital  pouch.  When  the  embryos  in  the 
eggs  are  fully  formed,  which  takes  about  twelve  months,  it  is  said 
that  they  secrete  some  fluid,  probably  saliva,  which  dissolves  the 
upper  part  of  the  capsule  and  so  permits  of  their  escape.  In  P. 
germauica  the  mother  is  s^d  to  take  a  part  in  freeing  her  offspring 
from  their  temporary  imprisonment.  When  they  first  appear  they 
are  white,  with  dark  eyes,  but  the  integument  soon  thickens  and 
darkens.  They  have  no  wings  but  in  other  respects  they  resemble 
their  parents,  and  thus  there  is  no  metamorphosis  such  as  occurs  in 
the  Butterflies  and  many  other  Insects.  They  ran  actively  about, 
devouring  any  starchy  food  they  can  find,  and  when  in  time  they 
grow  too  large  for  their  coat  of  mail,  it  splits  and  a  soft  Cockroach 
extricates  itself  from  it.  The  integument  soon  hardens  again. 
This  casting  of  its  skin  or  ecdysis  takes  place  seven  times,  and  after 
the  seventh  moult,  when  the  insect  is  four  years  old,  it  is  adult.    . 

The  Insects  are  usually  subdivided  into  eight  Orders,  which 
are  mainly  based  (i)  on  the  structure  of  the  gnathites ;  (ii)  on  the 
nature  of  the  wings;  and  (lii)  on  the  amount  of  Metamorphosis 
which  the  life-history  of  the  Insect  presents.  A  short  account  of 
each  of  the  criteria  is  therefore  subjoined. 

The  Mouth-Parta  {GnalkUea)  of  Insects 

The  mouth-parts  of  Insects  can  in  almost  all  cases  be  resolved 
into  a  pair  of  mandibles  which  never  bear  palps,  and  two  pairs  of 
maxillae  which  are  usually  provided  with  palps.  In  the  different 
orders  of  Insects  and  iu  different  members  of  the  orders,  these 
mouth-appendages  show  many  modifications  and  are  put  to  a  very 
great  variety  of  uses.  One  or  other  part  may  he  suppressed  and 
disappear,  others  may  coalesce,  as  is  the  case  with  the  right  and  left 
second  maxillae  of  the  Cockroach,  but  as  a  rule  traces  of  all  the 
gnathites  may  be  found,  though  often  much  altered.  The  mouth- 
parts  of  insects  have  been  grouped  as  follows:  (i)  Biting.   This  kind 
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of  mouth  is  found  in  the  Aptera,  the  Orthoptera,  the  Neuro- 
ptera,  and  the  Coleoptera  (v.  below),  in  which  orders  there  is  as 
a  rule  no  very  great  difficulty  in  recognising  the  various  parts  which 
have  been  described  in  the  Cockroach.  As  an  example  of  the  great 
variety  presented  by  the  mandible,  those  of  the  male  St^-beetle, 
Lucanus  cervus,  may  be  mentioned.  In  this  animal  the  mandibles 
may  equal  in  length  the  whole  of  the  rest  of  the  body,  (ii)  SucEiNO. 
This  kind  of  mouth  is  found  in  the  Lepidoptera  or  Butterflies. 
Here  the  mandibles  are  rudimentary,  but  the  gnathobases  of  the 
first  maxillae  are  much  elongated  and  frequently  coiled  into  what 
is  sometimes  termed  the  proboscis.  Each  half  is  grooved  and  so 
applied  to  the  other  as  to  form  a  tube,  and  in  some  cases  the  two 
halves  of  the  tube  are  locked  together  by  minute  hooks.  The  palp 
of  this  maxilla  is  as  a  rule  rudimentary.  The  labium  composed 
of  the  second  maxillae  is  an  impoi-tant  structure  in  the  larva  or 
caterpillar,  as  it  forms  the  spinnerets  through  which  the  silk  of 
the  cocoons  is  excreted,  but  in  the  adult  it  is  practically  absent, 
although  its  palps  persist  as  large  hairy  structures.  The  hollow 
tube  formed  by  the  maxillae  is  well  adapted  to  suck  up  the  fluids 
on  which  the  Lepidoptera  live.  The  suction  is  performed  by  a 
powerful  muscular  sac  called  the  suctorial -stomach,  which  is  a 
lateral  outgrowth  of  the  oesophagus  and  commuuicates  with  it 
(iii)  Sucking  and  Piercing.  The  Dipteraor  Flies  possess  both 
sucking  and  piercing  organs,  which  are  as  a  rule  somewhat  unequally 
developed.  The  basal  portion  of  the  labium  or  second  maxilla  is 
much  elongated,  and  takes  the  form  of  a  fleshy  protuberance  which 
to  some  extent  ensheaths  the  other  parts.  In  the  house-fly, 
Muaca  dcmentica,  the  piercing  organs  are  fused  to  the  labium  and 
act  only  as  supporting  rods  for  it,  but  in  the  Gnat  or  Mosquito 
they  are  free  and  reach  a  high  degree  of  developement  These  parts 
are  overlaid  by  a  somewhat  enlarged  labruin,  and  between  this  and 
within  the  grooved  labium  the  pointed  stylets  lie.  Amongst  these 
a  sharp  style  called  the  hypopharynx  situated  behind  the  mouth 
may  be  distinguished.  Two  pairs  of  lateral  stylets,  identified  by 
some  as  the  modified  mandibles  and  fii-st  maxillae,  also  exist,  and 
the  mamillary  palp  acts  as  a  sensory  organ.  The  Hemiptera  or  Bugs 
have  a  very  similar  set  of  gnathites  in  correspondence  with  their 
habits  of  boring  into  animals  or  plants  to  feed  on  their  juices. 
In  this  Order  the  mouth-parts  when  not  in  use  are  bent  under  the 
body  and  lie  along  the  under  surface  of  the  thorax.  The  labium 
is  jointed  and  its  edges  are  curved  round  to  form  a  deep  groove, 
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the  slit  of  which  is  only  partly  covered  by  the  labrum.  Within 
this  groove  four  sharply  pointed  styles  —  the  mandibles  and  first 
maxillae  —  work.  They  are  as  a  rule  finely  toothed  like  little  saws 
and  are  well  adapted  for  piercing  the  skin.  There  are  no  palps. 
(iv)B/r/.VG  AXD  SVCSIXG.  The  Hymenoptera  or  Bees  and  Wasps 
have  mandibles  not  unlike  those  of  a  Cockroach  and  use  them  for 
biting  and  moulding  their  food  of  pollen  and  the  wax  they  secrete 
from  their  bodies.  The  laciuiae  of  the  maxillae  form  blade-like 
structures  and' their  palps  have  much  diminished  in  size.  The  labial 
palps  however  are  large,  and  the  conjoined  median  outgrowths  from 
the  labinm  (corresponding  to  the  liguta  of  the  Cockroach,  3,  Fig. 
SG  c)  form  a  kind  of  grooved  tongue  along  which  the  nectar  in  the 
flowers  is  sucked  up. 

It  thus  appears  that  although  the  mouth-parts  of  Insects  are 
highly  modified  in  connection  with  the  kind  of  food  they  live  on  and 
the  modes  in  which  they  obtain  it,  nevertheless  the  various  mouth- 
parts  have  a  common  ground  plan,  and  altliough  the  authorities 
differ  as  to  details,  a  fundamental  similarity  runs  through  these 
appendages  in  the  different  Orders. 

JHngs  of  Insects 

The  wings  of  Insects  are  folds  of  the  integument,  flattened 
so  that  the  two  sides  are  in  contact  on  their  inner  surfaces.  At 
certain  places  however  slits  are  left  and  through  these  tracheae 
pass  taking  air  to  the  wings.  The  ectoderm  of  both  upper  and 
under  layers  is  also  thickened  along  certain  lines,  and  the  presence 
of  these  thickenings  divides  the  wing  up  into  a  number  of  areas. 
These  lines  are  usually  called  wing-veins  or  wing-nerves,  bnt  as 
they  are  neither  veins  nor  nerves  it  is  better  to  call  them  nervures. 
The  presence  and  disposition  of  the  nervures  is  of  the  highest 
importance  in  classification.  Wings  may  be  thin,  membranous,  and 
transparent,  zs  in  the  Grasshopper  (Fig.  88)  or  Dragon-fly  {Fig.  50), 
where  there  is  an  enormous  number  of  nervures,  or  in  the  Flies 
and  Bees,  where  there  are  few  nervures,  or  tliey  may  be  thickened 
and  strongly  chitinised  as  in  the  front  wings  of  Beetles.  In  this 
last  group  the  anterior  wings  are  called  elytra  (Gr.  WErpov,  a 
cover)  and  they  always  meet  together  in  a  median  longitudinal 
line,  so  that  when  they  are  closed  the  insect  appears  to  be  wing- 
Jess  (Fig.  92) ;  in  some  few  cases  they  have  fused  k^ether  so  that 
the  posterior  or  flying  wings  are  rendered  useless.     In  one  great 
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division  ot  the  Hemiptera,  one  half  of  the  anterior  wing  is  horny 
and  strongly  chitinous,  the  other  and  posterior  half  is  membranous. 
In  the  Cockroach,  as  we  have  seen,  the  anterior  wings  tend  to 
become  horny  and  are  of  little  use  in  flight  (Fig.  85).  The  posterior 
wings  of  the  same  insect  when  at  rest  are  folded  together  something 


Fio,  88.     Pachgtylui  migratoriut.     A  Grasshopper. 


like  the  leaves  of  a  shut  fan  and  many  species  in  several  of  the 
orders  fold  up  their  hind  wings  when  not  in  use.  The  tncking 
away  of  these  wings  under  the  small  elytra  is  a  complicated  affair 
in  some  Insects  such  as  the  Earwig,  where  the  nippers  at  the  end 
of  the  body  are  said  to  aid  in  the  process.  Many  Insects  liowever, 
such  as  the  Dragon-flies,  Plant-lice,  Butterflies  and  Hotlis,  Flies 
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and  Iteea  and  numerous  others,  do  not  fold  up  their  wings  but 
either  bear  tliein  erect  or  lying  depressed  on  the  body.  In  some 
cases  the  wings  are  quite  transparent,  but  in  the  ^foths  and  Butter- 
flies they  are  covered  with  a  dense  fur  of  flattenetl  scales  which 
can  readily  he  brushed  off  as  a  flue  powder  or  dust  (Fig.  91)-  It  is 
these  scales  which  give  rise  to  the  beautiful  and  iu  some  cases 
gorgeous  colouring  of  the  Lepidoptera. 

Two  pairs  of  wings  are  present  as  a  rule,  but  the  order  Diptera 
has  only  the  anterior  pair,  the  hind  wings  being  replaced  by  certain 
stalked  structures  called  balancers  or  halteres.  In  the  Hyineno- 
ptera,  the  two  wings  of  each  side  are  clamped  together  Ijy  means  of 
hooks  on  the  hind  wing  which  fit  into  a  lidge  on  the  hinder  edge 
of  the  front  wing  (Figs.  9.1,  94,  and  96).  Tlie  two  wings  of  each 
side  thus  move  as  one.  It  is  not  uncommon  to  find  isolated  species 
in  which  the  wings  are  not  developed,  for  instance,  the  females  of 
many  Plant-lice  and  some  Moths ;  whilst  Fleas,  which  are  some- 
times placed  amongst  or  near  the  Order  Diptera,  never  possess 
wings,  though  their  absence  is  compensated  for  by  a  special  devel- 
opement  of  the  powers  of  jumping. 

Jfetamorphosis 

A  very  large  number  of  animals  that  live  in  the  water,  whether 
in  the  sea  or  fresh  water,  liatch  out  from  the  egg  in  a  larval  condi- 
tion. That  is  to  say,  the  being  which  leaves  the  egg  is  very 
unlike  the  adult  in  structure  and  habits,  but  by  growth  and  a  series 
of  accompanying  changes  in  time  passes  over  into  the  adult  which 
is  capable  of  reproducing.  These  changes  are  what  is  known  as 
metamorphosis.  In  the  life-history  of  land  animals  such  larval 
stages  are  very  rare  and  indeed  hardly  exist  outside  the  Sub-class 
Insecta.  As  we  have  seen,  the  egg  of  a  Cockroach  gives  rise  to  a 
young  Cockroach  which  differs  but  little  from  the  adult  and  gradu- 
ally grows  into  it  by  a  series  of  small  changes,  but  which  never  at 
any  time  undergoes  a  long  period  of  profound  rest.  But  if  we  con- 
sider the  case  of  a  Moth  or  Butterfly  we  shall  find  that  the  egg  does 
not  give  rise  to  an  animal  resembling  a  minute  Butterfly  but  to  a 
worm-like  larva  or  caterpillar,  which  has  no  wings  and  iu  other 
respects  is  very  unlike  the  Insect  which  produced  the  egg.  This 
caterpillar  as  a  rule  eats  voraciously  and  grows  rapidly  with  iittle 
change  in  form  until  its  fourth  ecdysis,  when  a  sudden  change 
occurs,  and  the  so-called  pupal  stage  supervenes.     In  this  stage 
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with  a  few  exceptions  the  aifimal  now  called  a  pupa'(Lat.  pu^ra,  a 
puppet)  is  motiOQless  aod  ceases  to  feed.     It  may  be  uncovered  and 
protected  only  by  the  hard- 
ened integument  or  it  may 
be  enclosed  in  a  casing  or 
cocoon.     In   the  case  of 
the    Silkworm    Moth    and 
some  others,   this    is   con- 
structed   of    silk.     During 
the   pupal   stage,   the  ani- 
mal undergoes  a  profound 
F».  89.    I„.„lBo™»,.«r,..h.S«k.    ch^ge,  »>»y»f  its  organ. 
worm.    Life  a'ae.  a,nd    tissues   being    broken 

up  and  new  ones  recon- 
stituted. When  this  process  is  completed  the  pupa  casta  its  skin, 
makes  its  way  out  of  the  cocoon  and  emerges  as  an  imago  fLat 
iTnago,  an  image)  or  perfect  insect. 

The  various  orders  of  Insects  differ  in  the 
degree  in  which  metamorphosis  occurs.     In 
the  Aptera  there  is  no  metamorphosis  and  the 
develoiiement  is  said  to  be  direct.    In  Ortho- 
pteraand  Hemipterathere  is  noquiescentpupa 
stage  and  the  chief  difference  between  tlie  larva 
and  adult  is  the  absence  of  wings.     Here  the 
metamorphosis  is  said  to  be  incomplete.  The 
same  is  true  of  most  of  the  ^europtera,  a 
very  varied  assembly  of  Insects,  in  some  forms 
of  which  however,  e.g.  the  Caddia-flies,  a  pupal 
Bt£^  exists.    Amongst  the  Lepidoptera,  Cole-     p^^   g^     Cocoon  of 
optera,  Hymenoptera,  and  Diptera  there  is  a        Bombyx  mori.  from 
well-marked   pupal    st^e,    and   these   orders         Ibout  U(e  sL^'""'' 
are   said    to    have    complete    metamorphosis. 
Various  names  have  been  given  to  the  larvae  of  Insects  without 
very  precise  definitions.     Those  of  the  Lepidoptera  are  usually 
called  Caterpillars.     They  are  often  gaudily  coloured  and  bear  tufts 
and  bunches  of  hair.     Besides  the  three  pairs  of  legs  which  ai'C 
found  on  the  three  segments  following  the  head  and  which  cor- 
respond with  the  legs  of  the  imago,  certain  of  the  abdominal  seg- 
ments bear  fleshy  stumps  called  abdominal  legs.     The  larvae  of 
some  of  the  Saw-flies  (Hymenoptera)  have  a  similar  bright  colouring 
and  resemble  Caterpillars,  and  like  them  feed  exposed  on  leaves,  etc. 
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The  larvae  of  Beetles  and  most  Hymenoptera  are  as  a  rule  tiidden 
imderground  or  in  galls  or  wax-comb.  They  are  whitish  in  colour 
and  unattractive,  and  are  often  termed  grubs,  whilst  the  footless 


white  larvae  of  the  Diptera,  which  are  for  the  most  part  deposited 
in  some  organic  substance  —  whether  alive  or  not  —  are  usually 
termed  maggots. 

In  the  following  account  of  Insect  Classification  we  can  only 
indicate  the  chief  characters  of  each  Order  and  mention  the  names 
of  one  or  two  common  members  of  each. 

Order  I.    Aptera 

Wingless  Insects,  with  scales  and  hairs  covering  the  body. 
The  mouth-parts  are  adapted  for  biting.  They  move  by  running  or 
by  springing  by  aid  of  a  caudal  style  which  is  kept  bent  forwards 
under  the  abdomen  and  retained  in  this  position  by  a  ventral  hook. 
When  released  from  this  hook  the  recoil  of  this  style  hurls  the 
insect  into  the  air.  The  segments  of  the  thorax  are  not  fused 
together  and  they  have  no  metamorphosis. 

Not  all  wingless  Insects  belong  to  this  order.  The  name 
Aptera  (Gr.  arrtpoi,  wingless)  refers  to  the  belief  that  the  ancestors 
of  these  Insects  never  had  wings  and  that  thus  they  represent  a 
lower  stage  of  evolution  than  the  rest  of  the  sub-class, 

For  the  most  part  the  Aptera  are  minute  Insects  living  in 
retired  spots  under  leaves  or  rubbish,  in  roof-gutters,  etc.,  but 
they  are  widely  distributed  over  the  world.  One  of  the  best  known 
is  the  Silver-fish  Lepisma,  which  hides  in  disused  cupboards,  old 
chests  of  drawers,  sugar  barrelsj  etc.     It  runs  with  great  rapidity. 
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Order  II.    Orthoptera 

The  Orthoptera  (Gr.  6p06i,  straight ;  xrcpoc,  a  wing)  have  mouth- 
parts  adapted  for  biting.  The  ajiterior  wings  are  as  a  rule  stiff 
and  when  the  insect  is  at  rest  one  overlaps  the  other,  and  both 
usually  cover  and  conceal  the  large  luembranous  hinder  wings  with 
which  the  creature  flies.  There  is  an  incomplete  metamorphosis, 
the  young  being  at  first  without  wings. 

This  Oi'der  is  a  very  varied  one  and  doubts  exist  as  to  whether 
it  is  a  natural  one.  It  includes  the  Cockroach,  whose  anatomy  has 
already  been  described;  the  Earwig,  Forfienla;  the  Manila;  the 
leaf  and  stick  insects,  PhylUum  an<i  I'kasma;  the  Grasshopj>er 
(Fig.  88)  Acridium;  the  Locust,  Locusta;  the  Cricket,  Oryllaa; 
and  many  others. 

Order  III.    Neuroptera 

The  Neuroptera  (Gr.  vtvpov,  a  tendon  and  hence  a  nervure)  have 
biting  mouth-parts.  Both  pairs  of  wings  are  membranous  and  used 
in  flight,  and  the  "  veins  "  of  the  wings  form  a  more  or  less  close 
network.     Metamorphosis  complete  or  incomplete. 

This  Order,  like  the  preceding,  contains  many  families  which, 
except  as  regards  the  structure  of  the  wings,  have  little  resemblance 
to  one  another.  The  following  ai-e  a  few  of  the  more  widely  known 
species:  the  White-ant,  Termes;  the  May-fly,  Ephemera;  the 
Dragon-fly,  Libellula  or  Aexdirui  (Fig.  50) ;  the  Ant-lion,  Myrmeleo  ; 
the  Aphis-lion,  HenieroOias ;  the  Caddls-fly,  Pkryganea,  which  in 
some  resjKCts  approaches  the  Lepidoptera;  and  the  Tltrips,  an  insect 
which  injures  corn  crops  and  certain  flowers  and  is  sometimes 
elevated  to  the  position  of  a  distinct  order. 


Order  IV.    Coleoptera 

The  Coleoptera  (Gr.  koKw,  a  sheath)  liave  mouth-parts  adapted 
for  biting.  The  anterior  wings  ai-c  hard  and  liorny  and  fit  together 
in  the  middle  line  with  a  straight  suture.  The  hind  wings  are 
membranous  and  folded.  The  metamorphosis  is  complete,  that  is, 
there  is  an  active  larvaJ  stage  (Fig.  92),  followed  by  a  quiescent 
sta^,  during  which  extensive  changes  in  the  internal  anatomy  take 
place. 
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Unlike  the  preceding,  this  order  is  clearly  defined  and  its 
meiubei's  are  on  the  whole  very  like  one  another.  It  has  always 
Iwen  a  favourite  order  with  the 
Entomologists,  and  the  number  of 
S|>ecies  named  and  described  is  far 
greater  than  in  any  other  order. 
It  includes  all  the  Beetles.  For 
the  most  part  these  Insects  are  dull 
in  colour  but  their  firm  exoskeleton 
gives  them  a  very  definite  outline 
and  renders  their  preservation  and 
identification  comparatively  easy, 
which  may  to  some  extent  account  for  their  popularity  with 
collectors. 


Pm.  02.  In  the  centre  Corci"ne»a 
geplem  pnncMM.  the  Laxly-bird 
X  aboutlij,  with  the  larva  to  the 
left  X  about  2 j,  and  tlie  beetle, 
natural  site,  to  the  right. 


Order  V.    Hymenoptera 

The  Hymenoptera  (Gr.  t^uvo-impois,  membrane- winged)  have 
mouth-parts  adapted  for  biting  and  sucking.  The  "ligula"  of 
the  labium  is  long  and  grooved,  whilst  the  paraglossae  are  small. 


Fw.  03.     Foriiika  rufn,  the  Wooii-ant. 
1.   Female.  2.    Male.  3.    Neuter. 

The  mandibles  are  well  developed  and  the  laciniae  of  the  first 
maxillae  large.  The  four  wings  are  alike,  raembranoiis  in  texture, 
and   the    hind  wings  are   hooked    on   to  the  anterior  in  such  a 


Worker-bee.  Qiieen-bee.  Drone, 

Fia.  84.    Apia  meW(rfra,  the  Honey-bee. 
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way  that  the  two  wings  of  each  side  move  together.  They  differ 
from  the  wings  of  the  Neui'optera  in  possessing  fewer  veins.  The 
metamorphosis  is  complete. 

This  group  comprises  the  Ants,  Bees,  and  Wasps.  Many  of 
them  live  in  highly  complex  communities  and  in  their  social  habits 
and  general  intelligence  they  reach  a  level  which  is  only  surpassed 
by  man  himself.     The  group  includes  the  Wood-wasp,  Sirex;  the 


F:o.  06.     PfilitCea  lepidut  and  nest 

Saw-fly,  Tenthredo;  the  "Gall-fly,"  Cynips;  the  Ic/meinnon;  the 
Ant,  Formica;  the  Wasp  and  Hornet,  Vespa;  the  Humble-bee, 
Bombua;  and  the  Honey-bee,  jl/»is. 


Order  VI.    Hemiptera 

The  Hemiptera  (Gr.  ^/ii,  half)  have  mouth-parts  arranged  for 
piercing  and  sucking.  The  basal  part  of  the  labium  is  elongated 
and  tubular,  the  mandible  and  flrst  maxilla  form  sharp-pointed 
styles.  The  two  pairs  of  wings  may  be  alike  or  may  differ,  and 
the  anterior  pair  are  in  some  cases  half  homy  and  half  membi'anous. 
The  metamorphosis  is  incomplete,  there  being  no  quiescent  stage. 

The  members  of  this  order  present  very  great  divergence  both 
of  form  and  of  size ;  they  are  colloquially  known  as  Bugs  and  Lice. 
Amongst  the  commoner  forms  are  the  Water-boatman,  Xoto)iecta; 
the  Water-scorpion,  Nepa;  the  Bed-bug,  Acaiilhia;  the  Civafla, 
remarkable  for  its  chirping  noise ;  the  Frog-hoppers,  including  the 
Cuckoo-spit,  Aphro}>hora;  the  Plant-louse,  Aphis;  the  Phylloxera, 
which  destroys  vines ;  scale  Insects  and  lice. 
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Order  VII.     Diptera 

The  Diptera  (Gr.  Si-^cpa,  two  wings)  have  mouth-parts 
arranged  for  piercing  and  sucking.  The  only  difference  in  this 
respect  from  the  Hemiptera  consists  in  the 
fact  that  the  sucking  tube  is  partly  formed 
by  the  labrum  and  that  the  first  maxillae 
retain  palps.  Only  one  pair  of  wings,  the 
anterior,  are  present;  the  posterior  are 
represented  by  a  pair  of  short  knobs  called 
balancers  or  halteres  (Fig.  97).  The 
metamorphosis  is  complete. 

The  Diptera  or  Flies  form  one  of  the 
largest  of  the  Insect  Orders,  probably  as 
large  as  the  Coleoptera,  although  at  present 
the  number  of  species  of  Beetles 
named  and  described  is  far  greater 
■than  that  of  Flies.  Amongst  the 
commoner  genera  are  the  Gnats  and 
Mosquitoes,  Culex ;  the  Daddy- 
long-legs,  Tipula  ;  the  "  Gall-fly," 
Cecidomyia  (Fig.  97);  the  Hoi-se- 
fly,  Tabann^  ;  the  Bot-fly,  Oestrus ; 
the  common  House-fly  and  Blue- 
bottle, Mitsca,  and  many  others. 
The  Flea,  Putex  irritans,  which  is 
wingless  but  endowed  with  con- 
siderable powers  of  jumping,  ia 
sometimes  placed  in  a  Sub-order  of 
the  Diptera,  and  sometimes  in  a  separate  Order. 

Order  VIII.    Lepidoptera 

The  Lepidoptera  (Gr.  AtxiSuiros,  covered  with  scales)  have  mouth- 
parts  adapted  for  sucking  only.  The  two  pairs  of  wings  are  similar 
in  appearance  and  covered  with  scales  (flattened  spines)  which  give 
rise  to  the  beautiful  pattern  on  the  wings  but  are  easily  rubbed  ofif. 
None  of  the  wings  fold  up,  and  when  not  in  use  are  either  held 
,  erect  or  are  depressed  on  each  side  of  the  body.  The  metamor- 
phosis is  complete.  , 

This  Order  is  very  clearly  defined  and  the  members  show  a 
marked  resemblance  one  to  another.     It  includes  the  Butterflies 


Fio.  97.    Cecidomyia  deitrurCor, 

the  Hessian -fly. 
,   Insect,       2.  Larva.       3.  Papa 
01  "  flax  seed,"    All  magnified. 
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and  Moths,  and  all  of  them  exhibit  a  very  definite  and  complete 
metamorphosis.  The  egga  give  lise  to  worm-like  larvae  known  as 
caterpillars,  which  consume  much  food,  generally  of  a  vegetable 
nature  (Fig.  89).  After  a  considerable  time,  varying  from  a  few 
weeks  to  three  years,  the  caterpillar  comes  to  rest,  and  in  such 
cases  as  the  Silk-worm  Moth,  Bombyx  mori,  surrounds  itself  by  a 
case  or  cocoon  spun  by  itself,  which  furnislies  the  material  silk 
(Fig.  90).  Within  this  cocoon,  or  in  some  species  without  forming 
a  cocoon,  the  caterpillar  forms  a  pupa,  and  whilst  in  this  state  it 
undergoes  a  very  thorough  reorganisation  and  gradually  the  mature 
Insect  is  built  up;  after  a  certain  time  this  emerges  and  occupies 
its  comparatively  short  life  in  the  propagation  of  its  species  (Fig.  91). 
The  female  usually  dei>osits  its  eggs  on  or,  near  the  plants  which 
serve  as  food  for  its  offspring. 

Class  III.  Arachnida 
The  third  large  group  of  the  Arthropoda  is  a  very  varied  ona 
and  contains  many  animals  which  differ  markedly  in  their  structure 
one  from  another.  Perhaps  the  most  distinctive  features  of  the 
EiiHnai  Arachnida  (Gr.  Apaxirijt,  a  spider ;  tlSoi,  shape)  are 
feaiursi.  (y^  There  are  no  true  gnatliites.  >'o  appendage  loses 
all  other  functions  and  becomes  exclusively  a  jaw,  although  the 
proximal  joints  of  several  are  prolonged  inwards  towards  the  mouth 
and  help  to  take  up  food ;  in  a  word  some  of  the  limbs  have 
developed  gnathobaaes;  (ii)  The  most  anterior  appendages  are 
never  antennae  but  always  a  pair  of  nippters,  termed  chelicerae  ; 
(iii)  The  active  catching  and  walking  legs  of  the  fore  part  of  the 
body  or  prosoma  are  strongly  contrasted  with  the  plate-like  modi- 
fied limbs  of  the  middle  part  of  tlie  body,  or  mesosoma  when  the 
latter  exist,  but  in  many  cases  these  have  disappeared  and  in  others 
have  become  so  modified  that  they  are  Jto  longer  recognisable  as 
limbs.  Nearly  all  Arachnids  moreover  agree  in  having  the  anterior 
end  of  the  body,  the  prosoma'  as  it  is  called,  marked  off  from  the 
rest  and  covered  by  a  single  piece,  the  carapace.    The  rest  of  the 

>  The  name  cephalothorax  \»  often  applied  to  iJiis  region,  but  the  term  is 
too  misleading  lo  be  used.  The  ceplialothorax  of  Decapod  Crustacea  includes 
the  fiist  fourteen  segments  of  tlie  body  :  the  prosomiL  of  Arachnida  only  includes 
six,  and  therefore  corresponds  roughly  to  the  "head"  of  the  higher  CruEtaeea. 
Similar  criticism  migbt  be  launched  against  the  use  of  the  word  "abdomen," 
but  here  llie  error  is  too  deep-rooted  for  correction  since  the  term  is  used  in 
describing  both  Cnutacea  and  tnsecta,  and  in  each  caae  in  a  different  sense. 
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body  or  abdomen  is  in  some  forms  differentiated  into  two  regions, 
the  inesosoma  and  metasoma,  but  in  otlier  cases  this  distinction 
does  not  exist ;  it  may  be  segmented  or  it  may  not.  The  prosoma 
bears  six  pairs  of  appendages,  and  of  these  the  last  four  are  usually 
walking  legs.  The  appendages  of  the  abdomen  are  connected  with 
the  respiratory  function  and  are  much  modified,  often — in  the 
teiTestrial  forms — forming  floors  for  the  respiratory  chambers.  The 
breathing  apparatus  may  be  tracheal,  or  in  a  few  marine  forma 
branchial,  or  may  take  the  form  of  respiratory  chambers,  the  last 
named  and  the  gills  have  a  ]>eculiar  form  found  only  amongst 
Arachnida.  They  consist  of  "  books  "  of  tliin  su])erposed  lamellae 
attached  to  the  posterior  aspect  of  an  apjiendage.  When  modified 
for  breathing  air  these  "books"  are  called  lung-booka.  When, 
as  is  the  case  in  Limiilits,  they  breathe  oxygen  dissolved  in  water 
they  are  called  gill-books.  The  genital  orifice  is  usually  on  the 
anterior  end  of  the  abdomen,  ventral ;  and  the  group  is  bisexual. 
Many  different  Orders  ai'e  included  in  the  Arachnida,  the  best 
known  being  perhaps  those  which  include  the  Spiders,  the  Harvest- 
men,  the  Mites,  and  the  Scorpions.  The  last  named  are  only  found 
in  warm  climates,  and  Mites  are  too  small  for  investigation  with 
the  naked  eye,  so  that  we  will  take  the  Spider  as  an  example  of 
Arachnid  structure. 


Order  I.    Araneida 

Spiders  belong  to  the  Order  Araneida  (Lat.  aranea,  a  spider), 
in  which  the  abdomen  is  iinsegmented  and  soft,  The  second  pair 
of  append:^ 3  called  the  pedipalpi  are  leg-like  and  modified  in  the 
male  in  connection  with  the  fertilisation  of  the  female.  The  alidomen 
bears  certain  modified  appendages  called  spinnerets,  on  which 
open  the  glands,  the  secretion  of  which  produces  the  Spider's  web. 
If  we  examine  such  a  Spider  as  Epeira  diademaia,  which  is  common 
enough  in  English  gardens,  sitting  on  or  near  its  wheel-shaped  web 
(Fig.  9S),  we  notice  that  behind  the  prosoma  there  is  a  slender  wsust 
and  that  this  is  followed  by  a  large  swollen  abdomen  with  no  out- 
ward trace  of  division  into  segments,  or  into  meso-  and  meta-soma. 
There  are  sis  pairs  of  appendages,  and  it  is  at  once  noticeable 
E.iernni  that  there  are  no  antennae  or  feelers  to  act  as  sensory 
iituoture.  organs.  Their  function  is  to  some  extent  taken'  over 
by  the  long  walking  legs.  The  first  pair  of  limbs  are  called 
chelicerae;   in  Epeira  these  are  two-jointed,  the  terminal  joint 
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being  pointed  aDd  folded  down  against  the  baaal  joint  except  when 
being  used  (Fig.  99).  This  pair  of  appendages  contains  poison 
glands  and  the  poison  escapes  through  an  opening  at  the  point 


Fio.  98.    The  Garden  Spider 


Fig.  00.  Front  view  of 
tbe  head  of  a  Spider, 
Textrix  denticulata. 
Magnified.  Frcji 

Warburton. 

1.  Head.  2.  Eyes. 

3.  Baaal  joint  of  che- 
licerae.  4.  Claw  of 
chelicerae. 


of  the  second  joint.  By  means  of  it  the 
Spider  can  kill  insects  and  seriously  hurt 
larger  animals. 

The  second  pair  of  appendages  in  the 
Arachnida  are  called  pedipalpi  (Fig.  100). 
In  Epeira  they  resemble  the  walking  legs, 
but  in  the  male  at  tlie  final  moult  the  last 
joint  becomes  altered  and  forms  a  hollow 
sac  — the  palpal  organ  —  which  plays  an  im- 
portant ]iart  in  fertilising  the  female. 

Then  follow  four  pairs  of  walking  legs, 
each  with  seven  joints  and  terminated  with 
two  or  three  claws;  in  some  species  they 
are  provided  with  a  pad  of  short  hairs  called 
a  scopula,  which  helps  the  animal  to  run 
on  walls  and  ceilings. 
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The  mouth  is  very  miaute,  for  the  Spider  does  not  swallow  solid 
food  but  sucks  the  juices  of  its  prey.  It  lies  between  the  bases 
of  the  pedipalps,  and  the  basal  joint  of  each  of  these  appendages 
has  a  cutting  blade  termed  the  "maxilla"  (2,  Fig.  100).  It  is  a 
common  feature  of  the  Arachnids  that  the  basal  joints  of  one  or 
more  of  the  pairs  of  appendages  are  produced  inwards  towards 
the  mouth  and  act  as  jaws,  but  the  modilication  never  goes  so 
far  as  to  obscure  the  limb-like  form  of  the  appendage  and  so  pro- 
duce a  true  gnathite. 

On  the  ventral  surface  of 
the  abdomen,  just  behind 
the  waist,  is  situated  the 
genital  opening,  protected  by 
a  plate  which  is  the  result  of 
the  fusion  of  a  pair  of  ap- 
pendages, and  on  each  side  of 
this  is  the  slit-like  orifice  of 
a  lung-book.  The  lung- 
books  are  very  remarkable 
structures.    Each  opens  to  the 

exterior   by   a    pore    through  1 

which  the  air  enters,  and  con- 
sists of  a  sac,  the  cavity  of 
which  is  largely  occupied  by      1.  Coxa.  2.   Gnatlmbaae,  the  bo- 

^u  «    I.V.-       .1   i^„    :  called  "masiUa."         3.   Troclinnler. 

a  number  of  thin  plates  m        ^^  pg,,,^,      5    p^i^u^^      g    ^i^i^_ 

the   substance   of   which    the  7.  'J'argus.      8.  Palpal  organ, 

blood  circulates  and  is  thus 

brought  into  close  relationship  with  the  air  which  passes  in  and 
out  between  the  neighbouring  plates ;  the  sac  is  floored  in  by  a 
special  plate  which  is  a  modified  append^e  {Figs.  C3  and  Gri). 
Such  a  breathing  apparatus  is  peculiar  to  the  Arachnida.  In  some 
Spiders  we  find  a  second  pair  of  lung-books  placed  behind  the 
others,  and  in  other  species  this  second  pair  is  replaced  by  a  pair 
of  tracheae  recalling  the  respiratory  mechanism  of  the  Myriapods 
or  the  Insects  (Fig.  63>  They  have  however  been  independently 
developed,  and  probably  owe  their  origin  to  the  sac  of  a  hing-book 
from  which  the  lamellae  have  disappeared. 

Xear    the   hinder  end  of   the  abdomen  are  four  tubercles  or 

spinnerets,  and  if  these  be  pushed  aside,  two  more, 

shorter  in   length,  come  into  view.     These  are   the 

organs  which  form   the  web.     They  are   very  mobile  and    are 
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pierced  at  their  ends  by  hundreds  of  minute  pores  through  which 
the  silk  exudes  as  a  fluid,  hardeniug  ou  exposure  to  the  air 
(18,  Fig.  101). 

The  silk  is  secreted  by  a  large  numbei-  of  glauds  whit-h  have 
their  exit  at  the  above-meiUioued  pores.  Of  these  in  E.  diwlemuia 
theii"  are  five  different  sorts  and  each  secretes  a  siiecial  kind  of 
thread ;  for  the  various  lines  in  a  Spider's  web  differ  considerably 
one  from  another,  in  accordance  with  the  use  they  are  put  to. 
The  circular  lines  are  sticky  and  help  to  catch  insects  for  the 
Spider's  food,  the  radial  lines  are  stout  and  form  a  framework  for 


IT 

Fio.  101.  Diaftram  of  a  Spider.  Epeirn  ilimUmijta,  showing  tlie  arrangement 
of  the  internal  organs  x  about  V.     From  Warbnrton. 

1.  Mouth.  2.  Sucking  stomach.  3.  Ducis  of  liver.  4.  Malpighian 
tubules.         6.    Stercoral   pocket.         8.    Anua.  7.    Dorsal  muscle  of 

auciiinRHtomach.  8.    CaMai  prolonfiation  of  stomach,         Q.    Cerebral 

ganglion  giving  off  nerves  to  eyes.  10.  Sub-dcfiopliageal  ganglionic  mass. 
11.    Heart   with   three  lateral   openings  or  ostia.  M.    Lung  sac. 

\'i.  Ovary.  14,  Acinate  and  pyriform  silk  j^lands.  15.  Tubnlifonn 
Bilk  gland.  IS.  AmpuUiforni  silk  glaiid.  IT.  A!;!JTegaie  or  deixlrifonn 
Bilk  glands.  IS.  Spinnerets  or  mammiliae.  lU.  Distal  joint  of  clieli- 
cera.  20.  Pni.«on  gland.  21.  Eye,  22.  Pericardium.  23.  Vessel 
bringing  blood  from  lung  Bac  to  pericardium.        24.   Artery. 

the  support  of  circular  lines;  the  threads  with  which  the  fl»j)ider 
binds  up  his  captured  prey  differ  from  these,  and  there  is  still 
another  kind  of  thread  with  which  it  constructs  its  cocoons,  and 
each  kind  of  line  is  supplied  from  different  sets  of  glands. 

The  spinnei-ets  have  been  shown  to  be  the  vestiges  of  appendages. 

The  dissection  of  a  Spider  requires  much  care,  since  the  organs 
almost  fill  the  body  and  are  completely  embedded  in  the  large 
masses  of  the  digestive  and  reproductive  glands.  The  oesopha- 
gus, which  leads  from  the  mouth,  opens  into  a  strong  sucking 
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"stomach,"  which  is  really  like- the  stomach  of  the  Cray-fiah,  a 
stomodaeum.  This  is  attached  by  muscles  to  the  chitinous  exo- 
ekeletoD,  and  when  the  muscles  contract  its  cavity  is  enlarged  and 
thus  a  sucking  action  is  induced  at  the  mouth  (Fig.  101).  Behind 
this  is  an  endodermic  poitiou  of  the  alimentary  canal  whicli  gives 
off  certain  caeca  or  blind  tubes,  followed  by  an  intestine  which 
traverses  the  abdomen  and  is  further  provided  with  a  number  of 
ducts  which  collect  the  products  of  a  verj'  capacious  digestive  gland 
or  "  liver."  The  intestine,  which  is  also  lined  by  endoderm,  is  fol- 
lowed by  a  short  proctodaeum,  the  proximal  portion  of  which  is 
swollen  up  into  a  pouch  called  the  stercoral  pocket.  It  ends  in  an 
anus  situated  close  behind  the  spinnerets. 

Spiders  possess  two  kinds  of  organs  which  excrete  waste  nitro- 
genous material:  (i)  the  Coxal  glands,  which  are  true  nephridia, 
i.e.  glandular  tubes  running  between  a  reduced  coelom  and  the 
exterior,  and  (11)  Malpjghian  tubes,  a  pair  of  simple  pouches  opening 
into  the  endodermal  intestine.  The  coxal  glands  are  better  developed 
in  some  species,  such  as  the  common  House-spider,  Tegenaria 
derhamii,  than  is  the  case  in  E.  diademaia,  where  they  are  very 
degenerate  and  where  their  functions  seem  to  have  largely  passed 
to  the  Malpighian  tubules.  In  fact  these  structures  are  an  inter- 
esting example  of  a  set  of  organs  degenerating  in  consequence  of 
their  functions  having  been  assumed  by  another  set. 

The  heart  of  the  Spider  is  of  the  same  general  type  as  that  of 
Myriapods;  it  is  a.  tube  with  paired  slit-like  openings  —  ostia  —  at 
the  sides  through  which  the  blood  enters,  to  be  driven  out  ^ain 
through  certain  rather  ill-defined  vessels,  to  circulate  in  the  spaces 
between  the  various  organs. 

The  nervous  system  is  concentrated ;  there  is  a  bi-lobed  ganglion 
above  the  oesophagus  which  gives  off  nerves  to  the  eyes  and  the 
chelicerae ;  this  is  connected  by  two  lateral  cords,  which  pass  one  on 
each  side  of  the  oesophagus,  with  a  large  nervous  mass  situated  in 
the  thorax.  From  this,  nerves  pass  off  to  supply  the  remaining  five 
pairs  of  limbs,  and  two  nerves  arise  which  pass  backward  and 
snpply  the  abdomen.  The  only  conspicuous  sense  organs  of  Spiders 
are  the  eyes ;  of  these  in  E.  diademaia  there  are  four  large  eyes 
arranged  in  a  square  on  the  top  of  the  head  and  two  small  ones  on 
each  side  of  the  square.  This  number,  eight,  is  not  uncommon  in 
Spiders,  where  both  number  of  eyes  and  their  disposition  are  much 
uaed  in  systematic  classilication. 

The   male,  as  is   not   uncommon  amongst  the  Araneida,   is 
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smaller  than  the  female.  The  ovaries  and  testes  lie  in  the  abdomen 
and  have  the  form  of  a  network  of  tabes,  a  form  characteristic 
of  Arachnida;  the  spermatozoa  are  conveyed  to  the  palpal  organs 
of  the  pedipalpi  of  the  male  and  by  them  introduced  into  pouches, 
the  spermathecae  of  the  female.     The  eggs  are  fertilised  before 


F:o.  102.    DiagTominalic  view  of  Palpaj  Or^n. 


they  are  laid,  which  usually  takes  place  in  October,  and  they  are 
then  enclosed  in  cocoons  of  yellowish  silk.  The  young  are  hatched 
out  in  the  following  spring  and  at  once  begin  spinning.  By  means 
of  the  minute  threads  they  secrete  they  weave  a.  kind  of  nest  about 
the  size  of  a  cherry-atone  which  hangs  suspended  from  some  twig  or 
leaf.  At  the  least  disturbance  the  hundreds  of  young  Spiders  in 
the  neat  begin  to  disperse ;  the  spherical  nest  breaks  up  as  into 
dust,  but  when  the  disturbance  is  at  an  end  the  minute  Spiders, 
so  small  as  lo  be  almost  invisible,  re-assemble  and  again  form  their 
spherical  little  nursery. 

The  number  of  species  of  Spiders  is  very  great,  and  their  habita 
are  very  diverse  and  well  worthy  of  study. 

Order  II.    Phalangida 

The  Pbalangids  (Gr.  tftaXayyutv,  a  venomous  kind  of  spider)  or 
Harvestmen  are  in  common  talk  usually  classed  with  Spiders,  but 
they  differ  from  the  latter  in  having  no  waist,  that  is,  the  abdomen 
is  not  separated  from  the  prosoma  by  a  constriction,  and  they 
breathe  entirely  by  tracheae.     They  have   four  long  and  very 
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slender  pairs  of  legs,  which  easily  break,  and  their  eyes  are  some- 
times elevated  above  the  surface  of  the  head  on  a  tubercle  like  a 
look-out  tower.     The  abdomen  is  distinctly  divided  into  segments. 


FiQ.  103.     A  Phalangid  or  HHrvegtman,  Oligolophut  spinmuii,  odM  mtile  x  2. 

1.   Cheticerae.        2.   Pedipalps.        3,  4,  6,  and  0.    First,  seMind,  third,  Eind 

fourth  legB. 

As  a  rule  these  creatures  are  nocturnal,  and  are  usually  met  with 
in  dark  corners  or  amongst  the  stalks  of  hay  or  grass.  Their  long 
legs  enable  them  to  steal  with  a  gliding  spring  upon  their  prey, 
for  the  most  part  insects  or  spiders,  for  they  are  carnivorous.  They 
are  dull  in  colour,  grey,  broii-n  or  blackish,  as  becomes  an  animal 
that  loves  the  dusk.  About  twenty-four  species  have  been  recorded 
in  Great  Britain.  Phalangids  die  down  as  winter  sets  in,  but  the 
eggs  last  through  the  cold  weather  and  give  rise  to  a  new  generation 
in  the  spring. 
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Order  III.    Acaiina 

The  Acarida  (Gr.  &KapU,  a  morsel)  or  Mites  form  an  enoimouB 
order  whose  function  in  life  is  to  a  large  extent  to  play  the 
flcavenger,  and  the  terrestrial  forms  confer  the  same  benefits  on  the 
dwellers  on  the  Earth  that  the  Ostracotis  and  many  of  the  smaller 
Crustacea  do  on  the  aquatic  fauna.  Many  of  them  however  have 
adopted  parasitic  habits  and  cause  disease  amongst  larger  animals, 
and  induce  t^e  formation  of  galls  and  other  deformities  amongst 
plants.     Most  of  the  Mites,  as  their  name  indicates,  are  of  minute 


Fio.  104.     Tyroglypkug  tiro,  aeen  from  tbe  ventral  side.      A.  Female. 
B.    Male.     Magnified.     Frum  Leuckart  and  Kitsche. 
1,   Pedipalpi.       2.  Chelicerae.       3,  4,  6,  6.   First,  second,  third,  and  fourth 
walking  legs.         T.    ChitinouB  thickenings  Hnpjiorting  legs,         8.    Fiirrnw 
round  body.        9.    Reproductive  opening,  flanked  by  two  suckers  on  each 
Bide.        10.   AnuB.        II.    Suckers  at  side  of  anus. 

size;  hut  the  female  Ticks,  belonging  to  the  family  Ixodidae,  which 
live  amongst  the  undergrowth  of  forests,  on  the  look-out  for  some 
vertebrate  prey,  can  when  they  become  attai-hed  to  their  hosts — 
man,  cattle,  or  even  snakes  —  by  distending  their  bodies  with  the 
blood  they  suck,  swell  out  to  the  size  of  hazel-nuts. 

Anatomically  tliey  are  difficult  to  characterise.  Like  the 
Phalangids,  they  have  no  waist,  and  when  special  breathing  organs 
are  present  they  take  the  form  of  tracheae ;  they  differ  however 
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from  the  Phalangids  in  never  showing  signs  of  aegmentation.  The 
chelicerae  may  be  clawed  or  chelate,  like  a  lobster's  claws  (Fig.  104), 
but  they  often  take  the  form  of  piercing  stylets  and  the  pedipalpi 
may  form  a  sheath  to  protect  them. 

The  number  of  species  is  very  great;  amongst  the  commoner 
forms  may  be  mentioned,  Telrajit/nckue  telariua,  often  known  as 
the  Ked  Spider,  which  spins  webs  under  leaves  in  which  whole 
colonies  shelter.  This  species  is  believed  to  do  great  damage  in 
hot-houses.  Tgrog}>jphu8  si'ro,  the  Cheese-mite,  which  burrows  in 
decaying  cheese,  and  the  genus  Phytnpius,  which  causes  the  conical 
galls  on  lime-trees,  maples,  etc.,  are  also  familiar. 

Order  IV.     Scorpionida 

Scorpions  are  not  found  in  Great  Britain,  though  they  are  common 
on  the  Continent  of  Europe  around  the  Mediterranean  basin  and 
generally  in  warm  climates.  They  retain  a  more  marked  segmenta- 
tion than  is  the  case  with  the  other  Arachnids  we  have  considered. 
The  abdomen  is  vei-y  long,  distinctly  segmented  and  differentiated 
into  two  portions ;  («)  tlie  mesosoma,  consisting  of  seven  segments 
of  the  same  diameter  as  the  prosoma,,  bearing  the  respiratory 
appendages ;  (b)  the  metasoma,  a  much  narrower  part,  cflnsisting 
of  five  segments  and  a  curved  spine  like  a  tail  at  the  apex  of  which 
is  the  opening  of  a  poison  gland.  The  mesosoma  has  six  pairs  of 
appendages.  The  first  of  these  forms  the  genital  operculum,  a  plate 
bearing  on  its  posterior  aspect  the  genital  pore  in  both  sexes ;  the 
second  are  "  pectines,"  curious  comb-shaped  structures,  whose  exact 
function  is  not  yet  determined,  but  which  are  morphologically 
reduced  and  thickened  gill-books.  The  third,  fourth,  fifth,  and  sixth 
segments  bear  each  a  pair  of  lung-books,  and  it  has  already  been 
explained  that  the  floors  of  these  are  formed  of  highly  modified 
plate-Iike  appendages  which  have,  in  the  adult,  lost  all  trace  of 
their  origin  from  limbs.  The  seventh  segment  of  the  mesosoma 
shows  no  traces  of  limbs,  and  tapers  to  join  the  first  segment  of 
the  metasoma.  At  the  posterior  end  of  the  fifth  metasomatic 
segment,  on  the  ventral  surface,  is  situated  the  anus,  and  behind 
this  is  a  conical  pointed  joint  which  contains  the  poison  glands 
and  which  forms  a  very  efficient  and  powerful  sting.  The  whole  of 
this  tail  is  very  mobile  and  the  sting  can  readily  be  directed  to  any 
point.  In  life  the  tail  is  usually  borne  turned  forward  over  the 
body  so  that  the  sting  threatens  the  head. 
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to.  106.  A.  Dorsal  view  of  on  Todian  scorpion,  Scorpio  txeammerdnmi  x  j. 
B.   Ventral  vleir  of  the  same  y.  ). 

.  1.  Cbellcera.  2.  Pedipalp.  3,  4,  6.  6.  3rd  to  6th  appendages,  or 
walking  legs.  7.  Lateral  eyea.  8,  Median  eyes.  9.  Soft  tissue  av 
side  of  body,  pleura.        10.  The  poison  sling  or  lelsoo. 

.  1-6  as  In  A.  7.  The  genital  operculum,  8.  The  peclines.  9,  1l>,  II, 
12.  The  four  right  stigmata  leading  to  tlie  four  luug-books.  13.  The 
last  segment  of  the  mesoaoma.  14.  The  third  segment  of  metasonia. 
16.  The  telaon.  In  each  case  the  metasoma,  nhicli  is  usually  carried 
hent  forward  over  the  meeo-  and  pro-soma,  has  been  straightened  ouu 
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Both  the  chelicerad  which  are  small  and  short,  and  the  pedi palpi, 
vhich  are  long  and  sis-jointed,  end  in  nippers,  the  latter  recalling 
the  appearance  of  the  claws  of  a  lobster.  The  four  p^rs  of  walking 
legs  end  in  claws. 

The  mouth  is  very  minute,  for  like  the  Spiders,  Scorpions  only 
suck  the  juices  of  their  prey.  They  feed  for  the  most  part  on 
Insects  and  Spiders.  The  basal  joints  of  the  iitst  two  pairs  of 
appendages,  like  those  of  the  pedipalps  in  Spiders,  are  all  produced 
towards  the  mouth,  forming  gnathobases  which  probably  help  to 
bold  their  food. 

Scorpions  usually  hide  under  rocks  and  stones  during  the  day, 
being  often  very  intolerant  of  heat,  but  they  creep  out  as  dusk 
comes  on  and  run  actively  about.  The  Scorpion  is  viviparous,  the 
young  being  bom  in  a  condition  resembling  their  parents. 

Order  V.    XiphOBUra 

A  very  peculiar  aquatic  Arachnid  called  Limulua,  or  popularly 
the  King-crab,  inhabits  the  warmer  seas  on  both  sides  of  the  Pacific 
Ocean  and  along  the  shores  of  the  Western  Atlantic.  It  is  a 
littoral  form,  that  is  to  say,'it  lives  not  far  from  the  shore;  it 
burrows  in  sand  or  mud  at  a  depth  of  from  two  to  sis  fathoms,  often 
lying  with  only  its  eyes,  which  are  on  the  top  of  the  body,  exposed. 

The  shape  of  the  body  is  something  like  a  half-sphere  with  a 
piece  cut  out  and  a  long  spine  is  attached  to  the  truncated  side. 
This  spine  has  given  the  name  Xiphosura  (Gr.  £(^,  a  sword ;  olpa, 
a  tail)  to  the  order.  The  half-sphere  is  hinged,  and  the  part  in 
front  of  the  hinge  is  the  prosoma,  the  rest  is  the  abdomen  or 
meso-  and  meta-soma.  On  the  upper  surface  of  the  half-sphere  are 
a  p^r  of  simple  eyes  near  the  middle  line,  and  there  is  a  pair  of 
compound  eyes  situated  further  back,  nearer  the  edge.  The  under 
surface  of  the  half-sphere  is  partially  hollowed  out,  and  concealed  in 
this  hollow  on  each  side  of  the  middle  Une  of  the  prosoma  are  six 
pairs  of  appendE^s.  The  most  anterior  of  these  are  typical  nipper- 
like chelicerae,  the  next  is  not  specially  modified  to  form  a  pedipalp, 
but  it  and  the  remaining  four  pairs  are  walking  legs.  All  of  them 
send  inwards  a  spiny  gnathobase,  which  helps  to  form  the  border 
of  the  mouth.  The  sixth  pair  of  limbs  end  in  some  flattened  blade- 
like structures  which  assist  in  digging  and  burrowing  iu  the  sand 
and  in  extracting  the  worms  which  form  the  principal  item  of  the 
diet  of  the  King-crab.    The  seventh  appendages,  or  the  first  on  the 
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mesosoma,  take  the  form  of  a  llatt«ned  plate  or  operculum  which 
bears  the  reproductive  pores  on  its  posterior  surface.  It  is  bent  back 
and  underlies  the  eighth,  ninth,  tenth,  eleventh,  and  twelfth  pairs  of 
appendages,  which  aie  also  plate-like  and  each  of  which  bears  on 


Fio.  106.  .  Dorsal  view  o(  the  King-crab,  LIraiilut  polyphemui  x  f 

1.   Carapace  covering  prosoma.         2.    Meso-  and  meta-aoma.         3.   Telson. 

i.   Median  eye.        5.  lateral  eye. 

its  posterior  surface  a  gill-hook.  There  is  a  striking  similarity 
between  these  organs  and  the  "lung-hooks"  of  the  Scorpion; 
the  latter,  however,  do  not  project,  but  are  sunk  in  pits.  The 
raetasoma  terminates  at  the  anus,  but  behind  it  a  long  sword-like 
tail  projects.     This  post-anal  tail   corresponds  with    the  swollen, 
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stinging  tail  of  the  Scorpion.     It  is  used  by  the  animal  to  right 
itself  when  it  is  upset  by  the  motion  of  the  waves. 

A  curious  plate  of  fibro-cartilage  to  which  muscles  are  attached 
lies  inside  the  body  near  the  ventral  surface.  It  is  formed  of  modi- 
fied connective  tissue  in  which  a  cheesy  material  termed  chondrin 


Fio.  107.    Ventral 
I.  Carapace  covering  prosoaia,        2.   Meso-  ai 
4,    Chelicerft.         6.    Ptdipalp.         tj,   T,   8, 
ambulatury  lirabs.         10.    Genital  opercului 
!;enital  aperture,    ,      11,  12,  Vi.  14,  15.    Appendagea  bearing  gill-books. 
10.    Anua.         IT.   Mouth,         18.   CbilarJa. 

has  been  deposited  in  the  ground  substance,  and  is  largely  built  up  of 
interlacing  tendons  of  muscles  so  that  it  acts  as  an  internal  support- 
ing structure  or  endoskeleton.     It  is  called  the  endosternitc. 
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Possibly  it  was  a  feature  of  primitive  Arthropoda,  as  similar 
eudustertiibes  occur  in  many  other  AraclmidEi  and  in  some  of  the 
more  primitive  Crustacea. 

The  internal  anatomy  differs  in  many  points  of  detail  from  that 
of  the  Spider,  but  in  essentials  there  is  a  fairly  close  resemblance. 
Unlike  the  Scorpion,  Limulus  lays  eggs,  and  these  are  fertilised 
in  the  water  and  pass  through  what  may  be  termed  a  larval  st^e. 

In  many  respects  Limulus  seems  to  be  related  to  the  extinct 
Eurypterina,  whose  fossil  forms  are  so  abundant  in  the  Upper 
Silurian  and  Old  Red  Sandstone  formations ;  and  like  some  species 
of  Limulus  they  attained  a  great  size,  two  feet  or  more  in  length 
being  not  uncommon.  The  Eurypterines  were  aquatic  and  indeed 
seem  to  form  an  intermediate  stage  between  the  Scorpion  and 
Limulus,  and  confirm  us  in  the  conclusion  drawn  from  the  anatomy 
of  Limulus  that  this  animal  retains  in  many  )>oiuts  the  habits  and 
structure  of  the  marine  ancestors  of  Arachnida. 
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Phylum  Mollusca 

MoLLuacA  (Lat.  m<AU»,  soft)  is  the  name  which  is  given  to  one 
of  the  largest  and  most  important  phyla  of  the  animal  kingdom. 
In  it  are  included  not  only  our  terrestrial  snails  and  slugs  and 
many  fresh-vater  species  but  also  the  oyst«rs,  mussels,  periwinkles, 
whelks,  and  countless  other  species  of  "  shell-fish,"  bivalve  and 

univalve,   which  crowd  the  rocks   laid    bare  at  low- 
DcKription     ■water  around   our  coasts :  and  in  addition  to  these, 

the  extraordinary  Octopuses,  Squids,  and  other  forms 
of  Cuttle-fish  belong  to  the  same  great  phylum.  The  nam^  Mollusca 
seems  to  have  been  suggested  by  the  fact  that  the  members  of  the 
phylum  do  not  possess  any  internal  hard  parts  such  as  are  found  tn 
Man  and  other  vertebrates.  This  softness  of  internal  constitution 
is  shared  by  other  classes  with  no  relation  to  the  Mollusca,  as  for 
instance  the  great  group  of  the  Arthropoda.  The  Arthropods 
however  possess  a  horny  covering  which  closely  invests  thero, 
following  every  irregularity  of  their  outlines,  so  that  it  seems  a 
real  part  of  themselves.  This  is  the  exoskeleton  or  cuticle,  and 
constitutes  one  of  the  great  differences  between  them  and  the 
Mollusca.  The  latter,  it  is  true,  possess  also  an  exoskeleton 
composed  principally  of  calcareous  matter,  but  this  adheres  only 
to  a  part  of  the  surface.  It  is  usually  very  thick  and  easily 
detached,  and  so  it  is  frequently  looked  on  as  a  separate  thing 
from  the  animal  and  is  known  as  the  shell.  The  shell  is  to  be 
looked  on  as  a  secretion,  produced  by  a  part  of  the  skin  only : 
this  part  of  the  skin,  which  almost  always  projects  from  the  rest 
of  the  body  as  a  flap,  is  called  the  mantle.  The  space  between 
the  mantle-flap  and  the  rest  of  the  body  is  known  as  the  m  antle- 
eav  ity.  The  mantle-cavity  shelters  the  gdls  or  organs  of  respira- 
tion, and  into  it  open  the  kidney  or  kidneys  and  the  anus,  and 
usually  also  the  genital  ducts. 

197 
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Class  I.    Gasteropoda 

In  order  to  fix  our  ideas  we  may  take  the  common  English 

garden  snail,  Helix  asperm,  which  has  also  established 

fi'sol'i"'"'     '*^®^f  throughout  North  America  from  Kova  Scotia 

to  New  Orleans,  or,  if  procurable,  the  larger  Helix 

pomatia,  which  on  account  of  its  size  is  easier  to  dissect,  aa  a  type 

of  the  MoUuBca.    In  Lower  Canada  the  genus  Helix  is  not  very 


Fto.  108.    'Helix  pomaiia.     Side  Tlew  nf  shell  ftnd  animal  expanded.     From 

Hautflhek  and  Cori. 
1.    Mouth.      2.   Anterior  tentacles.      3.   Eye  t^ntacleB,      4.    Edge  of  mantle. 

5.    Kespiratoiy   pore.  6.   Anus.  7.    Apex   of  shell.  8.   Foot, 

11.   Reprodnctive  aperture. 

abundant,  and  the  largest  species,  Hdix  albalahnis,  is  too  small  for 
convenient  dissection.  Limnaea  aCagnalia,  the  large  river-snail,  is 
however  common  and  easy  to  obtain,  and  its  structure  is  similar  in 
the  main  outlines  to  that  of  Helix. 

The  shell  is  coiled  into  a  spiral  form ;  the  body  contained  in  it 
consists  of  a  visceral  hump,  coiled  like  the  shell  and  closely 
adhering  to  it,  and  of  a  portion  which  we  call  the  head,  neck,  and 
foot,  which  can  be  drawn  within  the  opening  of  the  shell  if  the 
animal  is  alarmed,  but  which  under  ordinary  circumstances  is  quite 
outside  it  The  snail  ia  devoid  of  anything  in  the  nature  of 
legs,  —  an  important  character  of  the  Mollusca  as  contrasted  with 
the  Arthropoda,  —  but  the  part  of  the  body  nest  the  ground  is 
a  flat  muscular  surface,  called  the  foot.  By  means  of  wave-like 
contractions  of  the  longitudinal  muscular  fibres  of  this  organ  the 
anail  moves  along,  always  preparing  the  ground  for  itself  by  de- 
positing a  layer  of  slime  on  it.  This  slime  is  poured  forth  from  a 
gland  which  opens  in  front  of  the  foot,  just  l>eneath  the  mouth 
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(14,  Fig.  Ill),  The  foot  is  one  of  the  most  important  organs  of 
the  Mollusca ;  it  takes  different  shapes  in  the  different  groups  but 
always  assists  locomotion.  In  the  poud-mussel,  for  instance,  it  is 
shaped  like  a  wedge,  in  order  to  force  a  path  through  the  soft 
mud  at  the  bottom  of  the  ponda  in  which  the  animal  lives.  The 
different  shapes  which  the  foot  assumes  afford  the  chief  basis  for 
the  classification  of  Mollusca. 

The  head  of  the  snail  bears  two  pairs  of  feelers,  or  tentacles, 
which  are  hollow  outgrowths  of  the  body-wall  (2, 3,  Fig.  108) :  these 
when  irritated  are  protected  by  being  pulled  outside  in,  and  so 
are  brought  into  the  interior  of  the  body.  The  first  or  shoiter  pair 
are  supposed  to  be  the  chief  seat  of  the  sense  of  smell :  the  second 
and  longer  pair  have  at  their  tip  a  small  pair  of  black  eyes.  These 
eyes  are  merely  minute  sa^s,  the  walls  of  which  are  made  of  liglit- 
perceiving  cells,  connected  at  their  bases  with  a  nerve  which  leads 
to  the  brain;  in  the  cavity  of  the  vesicle  is  a  horny  lens  which 
nearly  fills  it  up.  The  eyes  of  nearly  aJl  the  Jfollusca  are  con- 
structed on  the  same  plan,  but  in  the  Cuttle-fish,  not  only  is  the 
vesicle  large  and  spacious  and  the  lens  proportionately  smaller,  but 
there  is  in  addition  a  series  of  folds  of  skin  surrounding  the  place 
where  the  eye  comes  to  the  surface,  which  constitute  an  outer 
chamber,  and  outside  this,  eyelids,  so  that  the  whole  organ  acquires 
a  superficial  similarity  to  the  human  eye. 

If  we  carefully  pick  away  the  shell  of  the  animal  and  lay  bare 
the  visceral  hump,  brushing  away  any  mucus  which  may  adhere  to 
the  body,  we  shall  see  on  the  right  side  of  the  animal  a  round  hole 
(5,  Fig.  108).  A  bristle  passed  through  this  reaches  into  a  large 
cavity  separated  from  the  outside  by  an  exceedingly  thin  wall. 
This  space  is  nothing  but  the  mantle-cavity,  which,  as  explained 
above,  is  the  space  comprised  between  the  projecting  mantle  flap 
and  the  rest  of  the  body.  The  peculiarity  about  the  snail  is  that 
the  mantle  edge  has  become  fused  to  the  back  of  the  neek  so  as  to 
shut  the  mantle-cavity  off  from  the  extei-ior,  leaving  only  this  little 
hole  of  communication.  The  mantle-cavities  of  the  marine  allies  of 
the  snail,  such  as  the  whelk  and  jmriwinkle,  are  not  so  completely 
shut  off,  inasmuch  as  in  them  the  mantle  flap  merely  lies  against 
the  neck  but  is  not  fused  to  it,  and  inside  the  mantle-cavity  there 
is  a  gill.  This  gill  consists  of  a  hollow  axis  bearing  on  one  or  both 
sides  a  close-set  row  of  thin  plates  inside  which  the  blood  circulates 
and  receives  oxygen  from  the  water  by  diffusion.  Fresh  supplies  of 
water  are  drawn  into  the  mantle-cavity  by  the  action  of  myriads  of 
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cilia  which  cover  the  gill.  A  gill  of  this  nature  is  called  a 
ctenidium,  owing  to  its  comb-like  appearance  (Gr.KTO'iSuM',  a  small 
comb).  Now,  since  the  snail  breathes  air,  not  water,  it  has  lost  the 
gill,  but  to  compensate  for  the  loss  it  has  changed  the  whole  mantle- 
cavity  into  a  lung.  The  floor  of  the  mantle-cavity,  really  the  back 
of  the  neck,  is  arched  and  comijosed  of  muscles :  when  these  con- 
tract the  floor  flattens,  and  thus  the  mantle-cavity  is  enlarged  and 
air  is  drawn  in. 

The  blood  is  containe<l  in 
large  vessels  running  in  the 
thin  roof  of  the  mantle-cavity : 
these  are  clearly  seen  when  the 
mantle  fla])  is  clipped  away 
from  the  neck  and  turned  over 
to  the  right  (8,  Fig.  109,  and 
Fig.  110).  These  vessels  ar^ 
seen  to  all  converge  to  the 
heart,  which  consists  of  two 
small  oval  sacs  placed  end  to 
end.  That  into  which  the  vein 
enters  is  thin- walled  and  is 
called  the  auricle:  the  other 
thicker  one  is  called  the  ven- 
tricle (Fig.  110);  it  is  the  more 
miisculai'  of  the  two  and  drives 
the  blood  through  two  arteries 
to  the  body.  One  of  these  passes 
up  to  the  visceral  hump,  and 
the  other  forward  to  the  head 
and  neck.  In  Molluscs  which 
have  gills  the  auricle  always 
receives  the  blood  from  the  gill: 
when  there  is  one  gill,  as  is  the 
case  with  nearly  all  the  uni- 
valves, there  is  only  one  auricle: 
but  where,  as  in  the  bivalves 
and  cuttle-fish,  there  are  two  or 
"'  '''"'^'  even  four  gills  (as  in  Jfaiitilus) 

there  are  likewise  two  or  four  auricles.  The  heart  is  surrounded 
by  a  space  called  the  pericardium,  which  really  corresponds  to 
the  body-cavity  or  eoelom  of  Vertebrates,  Annelids,  and  Echino- 


Fia.  100.  Helixpomntia.  Theanimal 
seen  from  tlie  dursal  Btile  af  ler  removal 
oftbeshell.  From Hatachek and Cori. 

1.  Auricle  oi  the  heart  receiving  pul- 
tnonaryvein.  2.  Anterior  tentacles. 
3.  Eye  lentacIeH.  4.  Kdgeof  maiille. 
6.  Nepliridiuin.  6.  Liver.  7.  Al- 
bumcii  gland.     8.  Pulmonary  vein. 
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derms,  for  into  it  the  excretory  organ  opens  and  in  the  embryo 
the  genital  cells  are  budded  from  its  wall.  Other  large  spaces 
existing  in  the  head  and  neck  have  no  connection  with  the 
coelom  but  are  really  parts  of  the  blood  sysiem.  Since  there  are 
no  regular  veins,  except  those  which  run  in  the  mantle-roof,  the 
arteries  open  into  irregular  spaces.  It  will  be  remembered  that 
the  space  called  pericardium  amongst  the   Arthropods   is  really 

a  blood  space  and  that  the  heart  opens   into  it  by 
8°ru«we     openings  called  ostia:  the  coelomic  character  of  the 

pericardium  of  MoUusca  is  then  another  distinguishing 
feature  of  the  group.  It 
opens  by  a  narrow  ciliated 
passage,  the  reno-peri- 
cardial  canal,  into  the 
kidney,  which  is  seen  in 
the  mantle-roof  beside  the 
pericardium  (5,  Fig.  109). 
The  kidney  looks  like  a 
solid  yellow  organ;  but  in 
reality  it  is  a  vesicle  into 
the  cavity  of  which  nu- 
merous folds  project,  cov- 
ered by  the  peculiar  cells 
which  have   the  power  of 

extracting  waste   products  * 

from  the  blood,  which  flows 
in  spaces  in  the  kidney 
wall.  The  kidney  com- 
municates with  the  exterior 
by  a  narrow  thin-walled 
tube,  the  ureter,  which 
nms  along  the  right  side 
of  the  body  and  opens  on 
the  lip  of  the  respiratory 
opening,  just  above  the 
opening  of  the  anus  (10, 
Fig,  112). 

The  kidney  in  Mollusca 
varies  a  good  deal  in 
structure,  but  is  always 
built  on  the  same  funda- 


Fio.  110.  //Wt>pi»nn(f(t,wilhtlieupperwftll 
of  the  pulmonary  clianiber  cm  apeii  and 
folded  back.     From  Hntschek  and  Con. 

1.  Ventricle.  2.  Anterior  tentacles.  ;!.  Eye 
tentacles.  4.  Cut  edge  of  mantle. 
6.  Respiratory  pore.  6.  Anus.  7.  Open- 
ing of  ureter.  8.  Foot.  S.  Auricle 
receiving  pulmonary  vein.  10.  Kectuui. 
11.  Sephridium.  12.  Upper  wall  of 
pulmonary  chamber. 
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mental  type  as  that  of  the  Snail.  'Where  there  are  two  gills  there 
are  likewise  two  kidneys.  Often  there  ia  no  ureter,  but  the  kidney 
opens  directly  to  the  exterior,  as  in  the  cuttle-fish,  the  whelk 
(Buccinum),  the  lim^t  {Patella).  In  the  cuttle-fish  instead  of 
irregular  s^mces  there  are  regular  veins  in  its  walls,  and  the  folds 
covered  with  special  cells  are  only  developed  over  the  course  of 
these  veins. 

Turning  now  to  the  digestive  system  of  the  snail  we  notice 
several  very  Interesting  peculiarities.  The  mouth  ia  situated  in 
front,  beneath  the  small  pair  of  tentacles,  and  there  is  a  curved 
horuy  bar,  the  jaw,  in  the  roof  of  the  mouth.  Against  the  jaw 
works  a  rasp-like  tongue,  called  the  radula,  the  surface  of  which 
is  a  horny  membrane  covered  with  myriads  of  minute,  recurved 
teeth.  Underneath  this  membrane  there  are  certain  small  pieces  of 
caitilage  to  which  muscles  are  attached,  which  pull  the  cartilages 
and  the  membrane  covering  them  alternately  downwards  and  for- 
wards, and  upwards  and  backwai-ds,  so  that  the  tongue  is  worked 
e  jaw.     Thus  the  snail  is  enabled  to  tear  pieces  out  of 


Fia.  111.  Inner  view  of  riEht  hulf  of  head  of  HpHx,  to  sliow  tlie  arrangement 
of  the  Uaiiula  x  i. 

.  1.  Mouth.  2.  Horny  jaw.  3.  lladHla.  4.  Can ilasi nous  piece  sup- 
porting radula.  5.  Ka^lula  sac  from  which  radula  rtowe.  li.  Muscle 
which  retracts  the  buccal  mass.  7.  Intrinsic  muscles  which  rotate  the 
radula.  S.    Cerebral   ganglion.  0.  Pedal   and   visceral   ganglia. 

10.  Oesophagus.  II.  Anterior  tentacle.  12.  Eye  tentacle.  M,  Oritice 
of  duct  of  aalivary  gland.  14.  Mucous  gland  which  runs  along  foot  and 
opens  just  under  the  mouth. 

the  leaves  on  which  it  feeds  (Fig,  111).  A  similar  organ  is  found 
in  all  Mollusca,  except  the  Bivalves  or  Lamelli branch iata,  and  the 
number,  shape,  and  arrangement  of  the  teeth  are  an  important  help 
in  classification.     The  hoi-ny  membrane  is  continued  backward  into 
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alittle  blind  pouch,  called  the  radula  sac:  here  is  its  growing- 
point,  where  new  teeth  are  continimlly  being  fonned  as  the  old  ones 
wear  away.    In  the  limpet  (Patella),  this  radula  aac  is  estraor- 


Fio.  112.     Helix  poniatia.  opened  and  the  viscera  exposed. 
From  Hatschek  and  Cori. 
1.  Phuynz.      2.  Oesopha;;us.       3.  S&lirary  glands,  with  duct.       4.  Stomach. 
6.    Liver.  fl.    Bectura.  7.    Anus.  8.    Kidney.  9.    Inflated 

commencement  of  ureter.  10.  Opening  of  ureter  W  exterior.  II.  Ven- 
tricle. 12.  Auricle.  13.  Pulmonar;  vein.  U.  Opening  of  nephridium 
into  pericardium.  15.  Ovo-te»tlH.  16,  Common  duct  of  ovo-lestis. 
17.  Albumen  gland.  18.  Female  duct.  10.  Male  duct.  20.  Sper- 
matheca.  31.  Flagellum.  22.  Accessory  glands.  23.  Penis.  24.  Dart 
8ftc.  25.  Vagina.  20.  Eye  tentacle,  retracled.  27.  Anterior  ten- 
tacle, retracted.      28.  Muscles  Trhich  leimct  the  head,  phaiynx,  tentacle, 
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dinarily  long,  attaining  a  length  tw^o  or  threa  times  greater  than 
that  of  the  body.  In  the  cuttle-fiah  the  radula  is  present  and  the 
jaw  is  developed  into  upper  and  lower  heaks,  like  those  of  a  parrot, 
with  which  the  animal  tears  its  prey  to  pieces.  The  Bivalves  have 
lost  all  trace  of  both  jaws  and  radula ;  they  live  on  the  microscopic 
organisms  which  the  currents  of  water  which  they  produce  may 
bring  to  them,  and  so  they  do  not  need  to  masticate  their  food. 

The  radula  sac,  and  the  muscles  and  cartilages  belonging  to  the 
radula,  form  a  swelling  which  is  called  the  buccal  mass.  Behind 
this  comes  the  oesophj^ua  or  gullet,  which  appears  narrow  by 
comparison,  but  its  cavity  is  really  as  large  as  the  space  inside  the 
buccal  mass.  The  gullet  soon  widens  out  into  the  first  stomach  or 
crop,  which  is  used  for  storing  the  footl.  On  the  outside  or  surface 
of  this  two  branching  whitish  structures  are  seen,  the  salivary 
glands.  They  secrete  a  juice  which  runs  forwards  through  two 
tubes,  the  salivary  ducts  opening  into  the  buccal  mass.  The 
saliva  mingles  with  the  food  as  it  is  being  masticated.  The  crop 
is  situated  in  the  hinder  part  of  the  neck,  and  behind  it  the  ali- 
mentary canal  passes  imder  the  mantle-cavity  and  up  into  the 
visceral  hump.  The  great  mass  of  this  hump  is  occupied  by  a 
brownish  looking  organ,  called  the  liver.  This,  like  the  similarly 
named  organ  in  the  Arthropoda,  is  a  great  mass  of  tui>es,  lined  by 
cells  of  a  deep  brown  colour :  the  tubes  join  together  and  even- 
tually open  by  two  main  tubes,  one  alx)ve  and  one  below,  into  a 
dilatation  of  the  alimentary  canal.  This  swelling  is  the  true 
digestive  stomach.  It  is  probable  that  the  "  liver "  assists  diges- 
tion by  preparing  a  fluid  which  is  pouretl  into  the  stomach ;  its 
function  is  thus  not  the  same  as  that  of  the  human  liver.  In 
fact  it  must  be  confessed  that  the  name  liver  has  been  recklessly 
given  by  the  older  naturalists  to  any  browu-coloured  organ  found 
near  the  stomach  of  an  Invertebrate.  The  part  of  the  alimentary 
canal  behind  the  true  stomach  is  called  the  intestine.  It  takes 
a  turn  in  the  liver  substance  and  then  runs  out  of  the  visceral 
hump  along  the  right  side  of  the  body,  to  open  by  the  anus,  which, 
as  we  have  seen,  is  placed  just  behind  the  respiratory  opening. 

The  central  nervous  system  resembles  that  of  the  Annelida  in 
being  made  up  of  ganglia,  each  of  which  might  be  compared  to  a 
miniature  brain,  connected  together  by  means  of  commissures,  that 
is,  bands  of  nerve  fibres.  The  two  largest  ganglia,  which  are  placed 
above  the  oesophagus,  one  at  each  side,  and  connected  by  a  com- 
missure, are  called  the  supra-oesophageal  or  cerebral  ganglia. 
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or  sometimes  the  brain  (1,  Fig.  113) ;  bub  there  is  no  reason  to  think 
that  they  are  any  more  important  to  the  animal  than  the  others. 
TJaderneath  the  oesophagus  there  is  what  at  first  sight  seems  to 
be  a  compact  nervous  mass,  connected  with  the  supraroesophageal 
ganglia  by  a  commissure  on  each  aide  forming  a  nerve  collar 
(Fig.  113).  Closer  inspection  shows  that  this  mass  is  perforated 
by  a  hole  through  which  passes  the 
great  anterior  artery  from  the  ventricle, 
and  that  from  both  the  lower  and 
upper  halves  a  separate  nerve  comes 
off  to  go  to  the  cerebral  ganglia.  Thus 
the  apparently  simple  nerve  collar  con- 
sists of  two  commissures  on  each  side, 
united  in  a  common  sheath.  Between 
them  a  minute  nerve  passes  down,  to 
eud  finally  in  a  minute  membraneous 
sac,  lined  by  ciliated  cells  and  cells 
with  sense  hairs,  and  containing  fluid 
in  which  a  little  ball  of  carbonate  of 
lime  floats.  This  sac,  the  otocyst,  is 
the  only  other  important  sense  organ, 
besides  the  eyes,  which  the  snail  pos- 
sesses. It  is  difficult  to  dissect,  but  m  v^ 
if  the  small  bivalve  Cydas  be  taken,  '  ttm  ol  Helij:  pomatia. 
the  shell  opened  and  the  foot  cut  off  1.  Cerebral  ganglion.  2.  Pedal 
and  slightly  compressed,  or  it  one  of  S'^^S'TgU,/-  """^ 
the  transparent  Molluscs,  such  as  '  ""  ■ 
Pterotrachea,  which  float  at  the  sur- 
face of  tlie  sea,  be  examined,  it  is 
perfectly  easy  to  see  both  otocysts 
with  the  microscope.  It  used  to  be 
supposed  that  the  function  of  this  organ  waa  to  perceive  sound,  but 
whilst  it  is  probable  that  some  vibrations  of  the  air  affect  it,  it  is 
nearly  certain  that,  like  the  otocysts  of  Medusae  and  Arthropoda, 
its  main  function  is  to  enable  the  mollusc  to  keep  its  balance  by 
allowing  it  to  perceive  whether  it  is  leaning  on  one  side  or  not. 
As  the  snail  changes  its  position  the  little  ball  inside  rolls  about 
and  affects  different  parts  of  the  wall  of  the  vesicle,  and  heuce 
probably  different  fibres  in  the  nerve  which  supplies  it. 

Not  all  Mollusca  possess  eyes,  but  all,  except  perhaps  the 
Oyster,  which  never  moves,  possess  otocysts.     The  experiment  has 


5.  Olfactory  nerve.  6.  Optic 
nerve.  7.  Pleuro-cetebral 

coinmiB3ure.  8.  Pedo-cere- 
bral  commiBaure.  9.  Genital 
nerve.  10.  Nerve  to  mantle. 
11.  Nerve  to  vEacera. 
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been  made  in  the  Cuttle-fish  of  cutting  them  out,  and  it  is  then 
found  that  the  animal  loses  its 
power  of  keeping  its  balance  in 
the  water  and  tumbles  about. 
To   return    to    the    central 
•     nervous  system.     In  the  Pond- 
snail,  LimiuKa,  the  hinder  part 
of  the  sub-oesophageal  nervous 
masses  conaista  of  no  less  than 
five  ganglia,  strung  together  on 
a  short  loop  of  nervous  fibres, 
which  is  called  the   visceral 
loop.     Of  these  a  pair  nearest 
the  head  are  called  the  pleural 
ganglia,  the  next  are  called 
the    visceral    ganglia,    and 
Fio.  in.    Optical  section  through  the    the   one    at    the   end    the   ai>- 
auditory  vesicle  orear  of  PtfTotrucAeo     i    „■     „i        _„i   „„  /c:„   ii-s 
fritderiei,  a  transparent,  pelagic  Mol-     dominal  ganglion  (tig.  ll.>). 
luac  X  about  160.    After  CiauB.  The  front  and  lower  part  of  the 

1,  _Auditory  nerve.        2.  Ciliated  cells,    sub-oesophageal 


B.  Otolith. 


Fio.  115.  NervouBByatemof Limnaeo.  After 

Lacaze-Uuth  lers. 

1.  Cerebral  ganglion.       2.  Pedal  gangU 

3.  OsphraUial  cangli"       '    "' '  " 


which  sends  nerves  exclusively 
to  the  foot.  Pleural  and 
visceral  ganglia  can  be  re- 
cognised in  the  young  snail, 
but  they  become  indistin- 
guishably  joined  in  the 
older  one.  In  other  Mol- 
luscs, such  as  the  Sea-hare 
(Aptyaia),  or  the  Ear-shell 
(Haliotis),  the  visceral  loop 
is  long  and  the  ganglia 
widely  separated.  In  these 
animals  it  can  be  seen  that 
the  pleural  ganglia  send 
nerves  to  the  sides  of  the 
iKidy,  and  that  from  the 
visceral  ganglia  nerves 
come  off  which  go  to  the 
giion'^"'a'^  base  of  the  gill  or  gills. 
At  the  base  of  each   gill 
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there  19  a  patch  of  thickened  skin,  called  an  osphradium  (Gr. 
iff^potvopw,  to  smell),  provided  with  numerous  sense-cells,  which 
enables  the  animal  to  test  the  water  which  enters  its  mantle-cavity. 
Of  course  no  such  organ  exists  in  the  snail.  The  muscles  of  the 
radula  are  supplied  by  nerves  from  a  special  pair  of  small  ganglia 
placed  on  the  buccal  mass  —  the  buccal  ganglia  —  connected  with  the 
supra-oesophageal  ganglia. 

We  thus  see  that  the  ■  , 

nervous  system  of  the 
snail  consists  of  a  pair  of 
snprar<jesopbageal  ganglia 
connected  by  commis- 
sures with  (o)  a  pair  of 
pedal  ganglia  supplying 
the  muscles  of  the  foot 
with  nerves,  (b)  an  ex- 
tremely short  visceral 
loop,  the  ganglia  on  which 
are  so  closely  placed  as 
to  become  practically  con- 
fluent with  each  other, 
whence  nerves  go  to  all 
parts  of  the  body,  and 
(c)  a  small  pair  of  buccal 
ganglia  supplying  the 
buccal  mass.  The  ner- 
vous systems  of  all  Mol- 
lusca  are  built  on  this 
plan:  in  the  bivalves, 
however,  where  there  is 
no  radula,  not  only  are 
the  buccal  ganglia  absent, 
but  the  pleural  and  cere- 
bral are  fused  with  one 
another,  and,  as  the  vis- 
ceral loop  is  long,  we  find 

three  widely  separated  pairs  of  ganglia,  —  cerebro-pleural,  pedal, 
and  visceral  —  the  last  named  often  termed  parieto-splanchnic,  in 
different  parts  of  the  body.  The  Cuttle-fisl)  have  a  closely  massed' 
nervous  system,  like  the  snail,  which  is  protected  in  a  kind  of 
rudimentary  skull,  made  of  cartilage. 


Fia.  116.  KervoBB  system,  osphradmni  (ol- 
factory organ)  and  gills  of  Haliocis.  Attet 
Lacaze-Uulliiers. 

1.  Cerebral  ganglion.  2.  Pedal  ganglion. 
3.    Osphradial  ganglion.  4.    Pleural 

ganglion.  5.    Abdominal  ganglion. 

7.  Nerves  to  mantle.     8,  Gilla.     9.  Pedal 
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The  only  organs  of  the  snail  which  remain  to  be  mentioned  are 
the  reproductive  organs.  These  are  exceedingly  complicated  in  the 
snail,  both  sexes  lieing  united  in  the  same  individual,  a  condition  of 
affairs  which  13  known  as  hermaphroditism.  The  essential  genital 
oi^an  is  the  ovo-testis,  a  small  yellowish  patch  of  delicate  tubes 
spread  out  on  the  surface  of  the  liver,  on  the  inner  side  of  the 
uppermost  coil  of  the  spire  (Fig.  112).  This  organ  produces  both 
e^s  and  Sftermatozoa,  and  both  travel  down  a  single  tube.  Before 
tiie  duct  reaches  the  neck  it  receives  the  secretion  of  a  large  organ, 
called  the  albumen  gland.  This  secretion  consists  of  a  fluid 
which  has  proteids  in  solution  and  is  of  high  nourishing  value. 
Beyond  the  albumen  gland,  although  externally  simple,  the  duct  is 
divided  by  a  septum  into  two  passages,  one  for  the  eggs  and  one  for 
the  spermatozoa,  and  still  further  on  it  becomes  completely  divided 
into  two  separate  tubes.  The  female  portion  opeus  to  the  exterior 
by  a  thick-walled  muscular  part,  the  vagina,  into  which  a  tuft  of 
tubes — the  mucous  glands — open.  The  vagina  also  receives  the 
opening  of  an  organ,  called  the  sperm  atheca,  which  is  a  round 
sac  at  the  end  of  a  long  duet,  in  which  the  spermatozoa  received 
from  another  individual  are  stored  up.  In  addition  to  this,  a 
thick-walled  sac,  called  the  dart-sac,  also  communicates  with  the 
vagina.  In  this  sac  is  found  a  calcareous  rod  which  is  thrown  out 
into  the  body  of  another  individual  about  the  time  of  fertilisation. 
The  male  duct  opens  also  into  a  muscular  organ,  called  the  penis, 
which  can  be  partly  everted,  that  is,  turned  inside  out,  and  30 
protruded.  The  function  of  this  organ  is  to  transfer  tlie  sperma- 
tozoa to  another  individual ;  it  has  a  blind  pouch  projecting 
inward  beyond  the  place  where  the  male  duct  enters  it,  called 
the  f  lagellum ;  in  this  the  spermatozoa  are  massed  together  into 
bundles,  called  spermatophores.  Both  penis  and  vagina  have 
a  common  genital  opening  far  forward  on  the  right  side  of  the  neck 
(Fig.  108). 

Few  Mollusca  have  such  complicated  generative  organs  as  the 
sn^.  One  large  group  of  marine  snails,  the  Opisthobranchiata, 
resemble  Helix  in  being  hermaphrodite,  but  none  possess  the  dart- 
sac,  and  in  many  the  generative  opening  is  placed  further  back  and 
connected  witli  tlie  opening  of  the  penis  by  a  groove,  called  the 
seminal  groove.  Hence  the  penis  is  obviously  derived  from  a 
muscular  pit  on  the  side  of  the  head  into  which  the  spermatozoa 
trickled,  and  was  at  first  unconnected  with  the  generative  opening. 

In  another  group  of  marine  snails,  the  Frosobranchiata,  there  is 
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a  separatdon  of  the  sexes,  and  there  is  no  albumen  gland.  The 
penia  is  not  a  sac  which  can  be  turned  inside  out,  but  a  projecting 
lobe  of  the  body,  often  of  great  size.  In  the  most  primitive  Mol- 
lusca — the  Solenogastres  —  the  genital  organ  remains  throughout 
like  a  thickening  of  the  wall  of  the  pericardium  or  eoelum ;  the 
eggs  and  spermatozoa  drop  into  the  pericardium  and  find  their  way 
out  by  the  nephridia,  just  as  is  the  case  with  Annelida. 

This  is  the  case  also  in  Cephalopods,  where,  however,  there  were 
originally  four  kidneys,  and  the  one  or  two  which  serve  as  generative 
ducts  are  specialised  for  this  purpose;  thus  the  duct  is  in  the  male 
prolonged  into  a  papilla,  which  serves  as  the  penis.  A  commoner 
case  is  for  the  generative  oi^n  to  be  closely  connected  with  one 
kidney  and  to  burst  directly  into  it  This  is  found  in  the  simpler 
Prosobranchiata,  such  as  the  Limpet  (Patella),  the  Ear-shell  {Halt- 
Otis),  and  their  allies.  In  2fitcala  and  the  simplest  bivalves  there 
are  two  generative  organs,  and  they  open  into  both  kidneys ;  in  the 
Pond-mussels,  Aiiodonta  and  Unio,  and  the  more  modified  forms, 
they  open  independently  close  to  the  kidney  opening.  There  is 
little  doubt  that  in  all  Mollusca  the  tube  conveying  away  the 
generative  products  was  originally  a  kidney  or  a  part  of  one. 

Having  got  some  idea  of  the  arrangement  of  the  organs  of  the 

snail,  we  must  proceed  to  consider  some  points  about 
o'bodr'*'^       the  form  of  the  body  considered  as  a  whole.     If  we 

except  the  genital  opening,  tlie  head  and  neck  of  the 
sn^  are  exactly  bilaterally  symmetrical  in  their  outer  form;  on 
each  side  there  is  a  taste- tentacle  and  an  eye-tentacle,  and  the 
mouth  and  the  opening  of  the  slime  gland  are  exactly  in  the  middle 
line.  Most  of  the  ordinary  animals  we  see  —  birds,  quadrupeds, 
fishes,  insects,  worms,  etc.  —  are  bilaterally  symmetrical  with  regard 
to  the  exterior,  and  many  with  regard  to  the  whole  body.  The 
peculiarity  of  the  snail  is  that,  whilst  it  follows  the  ordinary  rule  as 
far  as  the  head,  neck,  and  foot  are  concerned,  it  departs  from  it 
with  respect  to  the  visceral  hump  and  the  included  oi^ans.  The 
shell  is,  as  we  all  know,  spiral,  but  this  shape  is  due  to  the  shape  of 
the  visceral  hump  contained  within  it,  by  the  activity  of  the  skin  of 
which  the  shell  is  produced.  This  spiral  shape  again  is  simply  due 
to  one  Bide  being  longer  than  the  other,  and  it  ia  connected  with 
the  shortness  of  the  right  side,  that  we  find  the  opening  of  the  vent 
on  the  right  side.  In  all  bilaterally  symmetrical  animals  this 
opening  is  situated  in  the  middle  line,  but  in  some  of  the  marine 
allies  of  the  snail — the  whelk,  limpet,  and  others  forming  the  group 
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Prosob  ranch  lata — the  inequality  of  the  two  sides  of  the  visceral 
hump  is  carried  to  such  an  extent  that  the  anus  is  brought  right 
round  so  as  to  open  nearly  over  the  middle  of  the  neck ;  and  when, 
as  in  the  Ear-shell  (Jlaliotis),  there  are  two  gills,  the  left  becomes 
pushed  over  to  the  right  side  and  the  gill  belonging  to  the  right 
side  becomes  displaced  to  the  left.  Since  the  visceral  ganglia  are 
connected  with  the  bases  of  the  gills,  one  side  of  the  visceral  loop 
becomes  pulled  over  the  other  in  consequence  of  the  displacement 
of  the  gills  (Fig.  116).  This  condition  of  the  nervous  system  is 
called  the  etreptoneurous  condition;  it  exists  in  all  the  groups 
which  are  ordinarily  termed  sea-snails,  i.e.  Frosobranchiata,  though 
most  of  these  have  only  one  gill,  and  the  twisting  of  the  visceral 
loop  may  be  regarded  as  a  proof  that  they  originally  had  two.  In 
another  large  division  of  the  sea-snails,  the  Opisthobranchiata,  the 
shell  is  generally  small  or  has  quite  disappeared,  and  since  where 
this  has  taken  place  there  seems  to  have  been  a  tendency  to  undo 
the  twisting,  the  anus  becomes  pushed  back  to  nearly  the  middle 
line,  and  the  visceral  loop  becomes  straightened  out  and  shortened. 
There  is  reason  to  believe  that  this  laat  process  has  gone  on  in  the 
snail,  although  it  has  kept  its  shell.  It  appears  then  that  the  curi- 
ous spiral  form  of  part  of  the  body  and  the  inequality  of  the  sides, 
has  something  to  do  with  the  possession  of  a  large  shell  by  a  crawl- 
ing animal.  We  do  not  understand  very  clearly  how  the  one  thing 
has  brought  about  the  other,  but  we  can  understand  that  there 
would  be  a  tendency  in  a  tall  visceral  lump  to  topple  over  to  the 
one  side  or  the  other,  and  thus  exercise  a  greater  strain  on  one  aide 
than  on  the  other.  Certain  it  is,  at  any  rate,  that  the  only  existing 
MoUusca  which  possess  large  coiled  shells  and  yet  are  bilaterally 
symmetrical,  are  the  peaily  Naulilas  and  another  rare  Cuttle-fish 
^Sjiinila),  which  do  not  crawl  but  swim. 

The  class  or  primary  division  of  the  MoUusca  to  which  the  snail 
belongs  is  called  the  Gasteropoda,  on  a<;count  of  the  flat  smooth 
foot  or  crawling  surface  which  they  all  possess  (Gr.  yrurnjp,  the 
belly;  irous,  voBot,  foot).  The  shell  is  typically  composed  of  a 
single  piece,  never  of  paired  pieces ;  and  from  this  circumstance  is 
derived  the  common  term  univalve  often  applied  to  the  Gasteropoda 
by  collectors ;  in  one  small  division  of  the  class  (the  Isopleura)  the 
shell  is  represented  by  eight  pieces  placed  one  behind  the  other  in 
the  middle  line. 


^aovGoOt^lc 


Tin.]  LAMELLIBRANOHIATA  211 

Class  II.    Lamellibranchiata  or  Pelecyfoda 

The  characters  mentioned  at  the  end  of  the  last  section  sharply 

separate  the  Gasteropoda  from  another  class  of  Mol- 

MuMer**"      lusca,  the  Lame  Hi  bran  chiata  or  Pelecypoda,  to  which 

the  common  mussel  and  innumerable  marine  forms, 

such  as  the  oyster,  clam,  cockle,  etc,  belong.   The  Molluscs  belong- 

'  ing  to  this  class  have  a  shell  composed  of  two  similar  pieces,  the 

right  and  left  valves,  united  by  a  homy  flexible  piece,  the  hinge 

(Fig.  117),    The  foot  is  typically  formed  like  a  wedge  or  axe-head, 


Fio.  117.  Shell  containing  Anmlonla  miilahilif,  and  beliind  it  the  mner  face 
of  an  empty  left  shell. 

1.  I'oints  of  insertion  of  the  anterior  retractor,  above,  and  protractor  muBcles, 
btlow.  2.  Point  of  insertioD  of  tbe  antenor  adduitlor  muscle.  3.  Point 
of  insertion  of  the  posterior  retractor.  4.  Point  of  insertion  of  the  pos- 
terior adductor  muscle,  5.  Lines  formed  by  successive  attachments  of 
the  mantle.  6,  Umbo.  T.  Dorshl  siphon.  6.  Ventral  siphon. 
0.   Foot  protruded.      10.   Lines  of  growth. 

whence  the  name  Pelecypoda  (Gr.  ircXiicut,  a  hatchet),  and  is  used 
as  a  plough  to  force  a  way  tlivough  the  mud  in  which  the  creattires 
live.  There  are  a  great  number  of  pond-  or  river-mussels,  some  500 
species  at  least  in  North  America :  Anodonla  anatina  is  perhaps  the 
commonest  in  England,  but  in  places  Unio  pictorum  is  abundant; 
A.  anatina  occurs  in  Canada  and  the  United  States,  and  in  these 
countries  Unio  com})lanatus  is  also  common.    Any  one  of  these 
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forms  will  serve  our  purpose.  The  shell  is  about  four  inches  long 
and  two  inches  high,  and  is  covered  with  a.  black 
horny  layer,  the  so-called  perioBtracum.  The  shell 
is  apt  in  places  to  be  eroded  by  the  action  of  the  carbonic  acid  in 
the  water.  Underneath  it  is  a  thick,  slightly  tranaliicent  layer  of 
crystals  of  limestone,  called  the  prismatic  layer.  The  inner  part 
next  the  mantle  is  composed  of  thin  layers  placed  one  above  the 
other.  This  is  the  mother-of-pearl,  or  nacreous  layer,  which  in 
many  Mollusca  has  an  iridescent  sheen,  owing  to  its  action  on  light. 
These  three  layers  are  also  present  in  the  shell  of  the  snail  and  in 
all  other  MoUuscan  sheila,  but  they  are  very  easily  made  out  in  the 
shell  of  the  pond-mussel.  To  the  periostracum  the  colour  of  the 
Molluscan  shell  is  mainly  due.  The  periostracum  and  prismatic 
layers  are  formed  by  the  edge  of  the  mantle,  and  if  destroyed  they 
cannot  be  replaced.  The  nacreous  layer  is  deposited  by  the  whole 
surface  of  the  mantle.  If  by  chance  a  grain  of  sand  gets  wedged  in 
between  the  mantle  and  the  shell,  it  is  apt  to  become  covered  with 
layers  of  mother-of-pearl,  and  in  this  way  a  pearl  is  formed.  The 
shell  is  marked  by  a  series  of  curved  lines  running  parallel  ta  one 
another.  These  lines  mark  the  limits  of  growth  attained  in  each 
year,  the  amount  intervening  between  two  lines  being  the  amount 
of  growth  accomplished  in  a  year.  It  will  be  seen  that  the  common 
focus  around  which  the  curves  run  is  not  in  the  centre  of  the  hinge 
line,  but  decidedly  nearer  one  end.  This  common  focus  is  called 
the  umbo,  and  it  represents  the  shell  with  which  the  Unio  started 
life  (6,  Fig.  117).  The  end  of  the  shell  nearer  which  it  is  placed  is 
the  anterior  end. 

As  might  be  expected  from  the  shape  of  the  shell,  the  mantle 
has  the  form  of  two  great  flaps  hanging  down  at  the  sides  of  the 
body.  The  flaps  have  a  free  edge  in  front,  below,  and  behind,  but 
pass  into  the  general  wall  of  the  body,  with  which  they  fuse,  above. 
The  edges  of  the  mantle  flaps  are  very  much  thickened  and  closely 
adherent  to  the  shell;  as  stated  above,  it  is  by  these  edges  alone 
that  the  periostracum  and  the  prismatic  layer  are  formed. 

The  hinge  is,  strictly  speaking,  part  of  the  shell ;  it  is  secreted 
by  the  ectoderm  of  the  back  of  the  animal  between  the  two  mantle 
lobes.  When  the  valves  of  the  shell  are  pressed  closely  together 
the  hinge  is  bent  out  of  shape,  and  by  its  elasticity  it  tends  to 
throw  the  valves  apart,  and  hence  when  a  mussel  is  dead  the  valves 
always  gape. 

The  two  valves  in  Unio  articulate  with  one  another  by  means 
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of  teeth.  There  are  a  pair  of  stout  teeth  a  little  in  front  of  the 
umbo,  on  the  left  valve,  working  on  either  side  of  one  tooth  on  the 
right  valve;  these  are  called  the  cardinal  teeth.  A  long  ridge 
on  the  right  valve,  working  between  two  ridgea  on  the  left  valve, 
is  called  the  lateral  tooth.  Anodonta  derives  its  name  (Gr.  Av, 
not;  oSovf,  oSorrot,  a  tooth)  from  the  circunistanoe  that  the  shell  is 
devoid  of  teeth. 


Fio.  118.  Right  aide  of  AnodoMa  mHtabili$  with  ilie  mantle  cut  away  and  the 
right  gills  folded  back  x  about  1.     From  Halachek  and  Cori. 

1.  Mouth.  2.  AnuH.  3.  Cerebro-pleural  ganglion.  4.  Anterior  adductor 
muBcIe.  6.    Anterior  retracWr  muscle.  6.    Protractor  muscle. 

7.  Dorsal  siphon.  8.  Inner  labial  palp.  9.  Foot.  10.  Eitemal 
opening  of  nephridlum  or  organ  of  Bojanua.  II.  Opening  of  genital 
duct.  12.  Ottler  right  gill-plate.  13.  Inner  right  gill-plate.  14.  Ven- 
tral siphon.  15.  Kplbranchial  chamber,  the  Inner  lamellae  of  the  right 
and  left  inner  gills  luiving  been  split  apait.     16.  Posterior  retractor  muscle. 

When  the  shell  is  removed  from  the  animal  the  out  ends  of  the 
fibres  of  two  large  muscles  are  seen.  These  muscles,  which  run 
transversely  from  the  one  vaJve  to  the  other,  are  called 
the  anterior  and  posterior  adductors,  respectively, 
and  it  is  by  means  of  them  that,  when  danger  threatens,  the  animal 
closes  the  valves  and  shelters  foot,  gills,  and  body,  within.  Just 
behind  the  anterior  adductor  are  a  pair  of  small  muscles,  running 
into  the  foot,  and  these  are  the  anterior  retractors.  A  similar 
pair,  the  posterior  retractors,  are  found  just  in  front  of  the 
posterior  adductor,  and  by  the  combined  action  of  the  four  the  foot 
is  drawn  back  within  the  valves  (Figs.  118, 121).  The  foot  is  thrust 
forth  by  the  forcing  of  blood  into  it,  through  the  contraction  of 
the  muscles  which  underlie  the  skin  in  various  parts  of  the  body, 
aided  by  the  action  of  a  pair  of  small  muscles  called  protractors, 
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the  fibres  of  ■which  are  attached  to  the  shell  low  down,  close  t«  the 
foot,  and  from  thi^nce  run  upwards  and  backwards.  The  animal 
movKs  by  fcreing  out  the  fo<tt  and  wedging  it  in  the  mud  in  front 
and  then  drawing  the  body  after  it. 

At  the  .'^ides  of  the  body  on  each  side  we  find  the  branchia  or 
gill,  orctenidium,  which  as  in  the  Gasteropoda  consists  of  a  hollow 
axis  bearing  two  rows  of  plates.     The  ctenidium.  is,  however,  highly 


B 

Fio.  lis.  A.  Plagramtnntic  section  throuchAniidonta  to  show  the  circulation 
of  the  blood.  B,  Sei^tiuii  Ihruugli  Anodunui  near  the  posterior  edge  of 
the  fooL     From  Howes. 

A.  1.  Righl  &uricie.         2.  Ventricle.         3.  Keber's  organ.        4.  Vena  cava. 

5,  Efferent  branchial  truuk.  6.  Efferent  pallial  vessel.  7.  Efferent 
branchial  vesHel.  8.    Branchiae.  9.    Afferent  branchial  vessel, 

10.  Efferent  repal  vessel.  II.  Afferent  branchial  trunk.  12,  Afferent 
renal  vessel.        13.  Rectam. 

B.  I.  Bight  auricle.       2.  Epibranchlal  chatuber.       3.  Ventricle.       4.  Vena 

cava.  6.  N  on -glandular  part  of  the  kidney.  6.  Glandular  part  of 
the  kidney.  7.  Intestine  in  foot.  8.  Pericardium.  0.  Shell. 
10.  Ligament  of  shell. 

modified  in  Unio.  The  axis  is  attai^hed  high  up  to  the  side  of 
the  body  in  front,  but  projects  freely  into  the  mantle-cavity  behind. 
The  plates  have  become  narrowed  so  aa  to  form  long  filaments, 
and  the  ends  of  each  row  are  bent  up  and  are,  in  the  case  of  the 
outer  row,  fused  to  the  mantle  lobe.  The  bent-up  ends  of  the 
inner  row  are  joined  to  the  foot  in  front,  and  to  the  corresponding 
parts  of  the  ctenidium  of  the  other  side  behind,  but  in  the  middle 
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they  are  free,  at  least  in  some  species  (Fig.  119).  Successive  lila- 
ments  of  one  row  are  welded  together  ioto  a  plate,  called  a  lamella, 
by  the  fusion  of  their  adjacent  edges,  leaving  only  occasional  holes 
for  the  percolation  of  the  water,  so  that  individual  filaments  appear 
like  ridges  on  a  ploughed  field  (Figs.  118, 120),  The  descending 
and  beuUup  ends  of  the  same  filament  are  tied  together  by  cords  or 
narrow  plates  of  tissue  traversing  the  space  between  them.  These 
cords  and  plates  are  called  interlamellar  junctions,  since  they 
unite  two  lamellae.  The  pieces  of  tissue  uniting  the  filaments  are 
called  interfilamentar  junctions,  or  collective!)-,  subfilamentar 
tissue.  Gill-plaieis  the  name  given  to  the  whole  mass  composed 
of  one  row  o£  V-shaped  filaments :  there  is  thus  an  outer  and  an 
inner  gill-plate  on  each  side,  and  each  gill-plate  has  two  lamellae 
formed  from  the  descending  and  ascending  limbs  of  the  filaments, 
respectively  (Fig.  119).  It  is  this  peculiar  modification  of  the 
ctenidia  which  has  suggested  the  name  Lamellibranchiata  for  the 
class. 

Each  V-shaped  filament  is  clothed  on  its  outside,  that  is,  the  side 
looking  away  from  the  concavity  of  the  V,  with  high  ectoderm  cells 
carrying  powerful  cilia.  By  the  action  of  these  a  strong  indraught 
of  water  is  produced,  the  current  entering  between  the  posterior 
borders  of  the  mantle  lobes,  which  normally  gape  slightly.  On  this 
current  the  animal  depends  both  for  respiration  and  for  nutrition, 
since  the  food  consists  entirely  of  the  minute  animals  and  plants 
swept  in  with  the  water.  The  normal  position  of  the  Mussel  is  to 
have  the  anterior  end  deeply  embedded  in  the  sand  or  mud  and  the 
posterior  end  protruding;  the  animal  moves  only  when  for  some 
cause  the  water  becomes  unsuitable  for  its  purposes. 

Since  the  upturned  ends  of  the  inner  rows  of  filaments  of  both 
ctenidia  are  united  behind  the  foot,  a  bridge  is  formed  dividing  the 
mantle-cavity  into  an  upper  ov  epibranchial  division  and  a  lower 
orhypobranchial.  The  gaping  opening  between  the  mantle  lobes 
at  the  posterior  end  is  similarly  divided  into  an  upper  portion,  the 
dorsal-siphon,  and  a  lower,  the  ventral-siphon.  Sinceit  is  the 
outer  lower  surfaces  of  the  filaments  which  arc  clothed  with  cilia, 
it  is  into  the  ventral  siphon  and  hypobranchial  chamber  that  the 
current  passes.  The  lips  of  both  siphons  —  especially  the  ventral 
siphon — are  plentifully  besetwith  small  papillae,  which  are  sensitive 
to  light  and  shade.  If  the  shadow  of  the  hand  be  allowed  to  pass 
over  them  the  mantle  edges  are  instantly  drawn  together  an<l  the 
siphons  thus  closed.     In  the  scallop  (Peclen)  similar  papillae  are 
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developed  into  well-foi-med  eyes.  Part  of  the  water  passes  tlirough 
the  small  holes  left  tetween  the  gill-filaments  and  so  into  the 
epibranchial  chamber  and  escapes  by  the  dorsal  siphon,  carrying 
with  it  the  matter  cast  out  from  the  kidneys  and  the  anus.  As  it 
percolates  through  the  gills  the  blood  which  circulates  in  these 
organs  receives  oxygen  and  gets  rid  of  its  carbonic  acid. 

A  large  part  of  the  water,  however,  pursues  a  different  course. 
In  front  of  the  gills  there  are  situated  two  organs  called  labial 
palps,  on  each  side  of  the  anterior  part  of  the  animal  (8,  Fig.  118). 


D  show  the  viscera 

1.  Cerebro-pleural  ganglion,     2.  Ccrebro-pednl  coDitnlssare.    .1.  Oesophagus. 

4.  Anterior   retractor  muacle.         6.  Liver.        6.  Storanch.         7.  Aorta. 

5.  External  opening  of  or^Nn  of  Bojanus  or  nephridium.  9.  Nephro- 
Btome  or  internal  opening  of  the  same.  10.  Pericardium.  11.  Kight 
auricle.  12.  Posterior  end  of  ventricle  passing  into  posterior  aorU. 
13.  Rectum.  14.  Glandular  part  of  nephridium.  IS.  Anus. 
16.  Opening  of  epibranchial  chamber,  17.  Ventral  siphon.  18.  Edge 
of  shell.  19.  Cerebro-visceral  commissure.  20.  Entestiue.  21.  Foot. 
22.  Reproductive  organs.  23.  Pedal  ganglion  of  right  side.  24.  Mouth. 
25.  Opening  of  the  reproductive  organ. 

These  are  triangular  flaps,  an  upper  and  lower  on  each  side,  the 
surfaces  of  which  are  covered  with  grooves  clothed  with  abundant 
cilia  on  the  sides  turned  towards  one  another.  The  two  superior 
labial  palpa  are  connected  by  a  narrow  ridge  crossing  above  the 
mouth;  the  two  inferior  labial  palps  by  a  similar  ridge  beneath  it. 
The  mouth  thus  lies  at  the  bottom  of  a  trough,  —  the  lips  of  which 
are  formed  by  the  superior  and  inferior  labial  palps  respectively. 
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The  mouth  is  situated  beneath  the  great  anterior  adductor  muscle 
which  projects  beyond  it  like  a  forehead.  The  action  of  the  labial 
palps  is  to  direct  a  large  portion  of  the  incoming  current  into  the 
mouth,  and  so  the  animal  obtains  its  food. 

The  alimentary  canal  shows  a  considerable  resemblance  to  that 
of  the  snail.  No  trace,  however,  of  radula,  buccal  mass,  crop,  or 
salivary  glands,  is  to  be  seen.  A  short  oesopba^s  leads  at  once 
iuto  the  stomach,  which  is  a  wide  sac  receiving  right  and  left  the 
ducts  of  the  two  lobes  of  the  liver.  The  intestine  runs  vertically 
down  into  the  foot,  makes  several  loops  there,  and  then  turns  back 
and  reaches  nearly  to  the  point  from  which  it  started,  i.e.  the 
hinder  end  of , the  stomach.  Thence  it  pursues  a  straight  course 
through  the  pericardium  and  over  the  posterior  adductor  muscle,  to 
end  in  an  anal  papilla  which  projects  into  the  epibranchial  mantle- 
cavity.  For  part  of  its  course  the  ventral  wall  is  infolded  towards 
the  cavity  so  as  to  produce  a  ventral  typhlosole  comparable  to  the 
dorsal  typhlosole  in  the  worm.  The  straight  concluding  portion  of 
the  intestine  is  called  the  rectum.  The  pericardium  is  situated 
in  the  mid-dorsal  line  posterior  to  the  stomach.  The  fact  that  it 
surrounds  the  rectum  is  the  consequence  of  its  origin  as  a  pair  of 
sacs  in  the  embryo  lying  to  the  right  and  left  of  the  intestine, 
which  later  meet  above  and  below  this  organ. 

There  are,  as  mentioned  above,  two  kidneys  or  nephridia  in  the 
mussel.  These,  frequently  termed  the  organs  of  Bojanus,  are 
dark-coloured  bodies,  situated  beneath  the  iloor  of  the  pericardium, 
on  either  side  of  tbe  vena  cava.  Each  consists  of  a  U-siiaped  tube 
placed  horizontally,  with  one  limb  placed  vertically  above  the  other 
and  the  bend  directed  backwards.  The  deeper  limb  is  the  active 
part ;  it  has  numerous  folds  projecting  into  it  which  are  covered 
with  dark  cells.  It  opens  into  the  pericardium  in  front  by  a 
curved  slit  lined  with  powerful  cilia,  which  produce  an  outward 
current.  This  of  course  is  the  re  no-pericardia!  duct  such  as  has 
been  already  described  in  the  snail.  The  outer  and  upper  limb  is 
wide  and  smooth- walled,  and  opens  into  the  deeper  limb  beneath 
the  posterior  adductor.  In  front  it  opens  to  the  exterior  through 
a  pore  with  thick  lips  placed  just  above  the  place  where  the 
upturned  ends  of  the  inner  row  of  filaments  are  attached  to  the  foot 
(Fig.  120). 

The  kidney,  since  it  is  a  tube  lined  with  excretory  cells  and 
communicating  internally  with  the  liody  cavity.  Is  a  nephridium 
comparable  to  that  of  the  worm,  Lumbricw.    In  the  worm  the 
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function  of  the  internal  opening  is  to  convey  to  the  exterior  the 
fluid  in  the  body  cavity,  which  contains  excretory  matter  thrown 
out  by  the  cells  lining  the  coeloni, 
'  The  anterior  end  of  tlie  pericardium 

of  the  Mussel  has  a  brownish  red 
colour  and  is  produced  into  nu- 
merous little  pockets  lined  by 
jieculiar  cells,  which  are  excretory 
in  function  (Fig.  119).  This  ])or- 
tiou  of  the  pericai-dial  wall  is  called 
Keber's  organ,  and  the  excreta 
IS  n       thrown  out   by  it  pass  down  the 

t3'  reno- peri  cardial  canal. 

The  heart  consists  ot  a  ventricle 
which  surrounds   the   rectum,   and 
fl  two   flat   triangular    auricles,    the 

broad  bases  of  which  are  inserted 
into  the  wall  of  the  pericardium 
just  over  the  ]>lace  where  the  bent- 
up  ends  of  the  outer  filaments  of 
the  ctenidium  are  attached  to  the 
mantle.  From  the  ventricle  blood  is 
driven  forwards  by  an  anterior  aorta 
dorsal  to  the  rectum,  and  backwards 
by  a  posterior  aorta  ventral  to  the 
rectum.  From  these  arteries  it 
finds  its  way  into  a  multitude  of 
irregular  spaces  in  the  foot  and  the 
other  portions  of  the  body,  aud 
eventually  reaches  a  vessel,  called 
the  vena  cava,  lying  under  the 
floor  of  the  pericardium  in  the 
middle  line,  between  the  right  and 
left  upper  limbs  of  the  two  kidneys. 
From  the  vena  cava  the  blood 
streams  out  through  many  chan- 
nels in  the  wall  of  the  kidney  and 
reaches  the  axis  of  the  ctenidium, 
whence  it  makes  its  way  into  the 
filaments,  especially  those  of  the  outer  row.  From  the  upturned 
edges  of  these  last  it  reaches  the  mantle  and  from  this  the  anriflo. 


Fia.  121.  TioTsaivievrof  Annilonta 
mtitabilU,  with  the  upper  wall 
of  the  pericardium  removed  to 
show  ILe  heiirt  x  about  1.  .'  '' 
IlatMhek  and  Cori. 

1.  Foot,  2.  Anterior  adductor 
muscle.  S.  Protractor  oiuacle. 
4.  Anterior  retractor  muscle. 
Ti,  Posterior  retractor  muscle. 
0,  Posterior  adductor  muscle. 
7.  Dorsal  eiphnti.  8.  Ventral 
Bipli.m.  e.  Anus.  10,  Split 
between  left  and  ri^ht  mantle 
lobfs  tlirough  whicb  larvae 
Wave  the  epibranchial  chamber, 
11,  Keber'H  organ.  12.  Hec- 
tum  traversing  ventricle,  13.  Ne- 
phrostome  or  internal  opening 
of  organ  of  Bojanim.  H.  Ven- 
tricle, 16.  Left  auricle. 
10.  Anterior  retractor  muscle. 
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Some  blood  is  sent  to  the  lobes  of  the  mantle,  as  in  the  snail,  and 
through  the  thin  skin  absorbs  oxygen;  this  blood  ia  returned  direct 
to  the  auricle  without  passing  through  the  gill ;  from  this  fact  it 
appears  that  the  mantle  lobe,  as  well  as  the  gill.  Is  a  respiratory 
organ. 

In  the  nervous  system  the  cerebral  and  pleural  ganglia  on  each 
side  have  coalesced,  so  that  only  one  cord  proceeds  from  them  to 
the  pedal  ganglion.  There  is  a  long  visceral  loop,  ending  in  two 
closely  conjoined  visceral  ganglia,  placed  beneath  the  posterior 
adductor  (Fig.  120).  On  either  side  of  these,  just  where  the  axis 
of  the  ctenidium  becomes  free  from  the  body,  is  a  thickened  patch 
of  yellow  ectoderm  —  the  osphradium.  This  is  a  peculiar  sense 
organj  the  function  of  which,  it  is  believed,  is  to  test  the  water 
passing  over  the  gill  as  to  suitability  for  respiration.  There  are  a 
pair  of  large  otocysts  in  the  foot. 

Mussels  are  male  and  female,  and  their  reproductive  organs  are 
paired,  and  consist  on  each  side  of  a  bunch  of  tubes  spreading 
through  the  foot.  The  ducts  are  continuous  with  the  walls  of  the 
ovary  ot  of  the  testis.  They  open  by  slit-like  orifices  just  in  front 
of  the  opening  of  the  nephiidia  on  each  side  of  the  foot.  The 
spermatozoa  are  swept  out  by  the  water  passing  through  the  dorsal, 
siphon  and  are  sucked  in  by  the  inhalent  currents  of  female  indi- 
riduals.  The  eggs  when  cast  out  are  detained  between  the  two 
lamellae  of  the  outer  gill-plate  and  there  fertilised.  They  develope 
into  peculiar  larvae  called  Glochidia,  in  which  the  bivalve  shell 
is  developed,  but  not  the  foot.  When  a  fish  passes  by,  the  mother 
expels  the  Glochidia  from  the  gills,  and  they  seize  hold  of  the  tail 
or  fins  of  the  fish  and  embed  themselves  therein.  They  develope 
there  for  some  weeks  and  change  gradually  into  the  adult  form. 
They  show  a  remarkable  sensitiveness  to  the  presence  of  fish,  but  if 
they  fail  to  attach  themselves  to  one  they  fall  to  the  bottom  of  the 
water  and  perish. 

Lamellibranchiata  as  a  group  have  very  uniform  habits;  the 
principal  points  in  whioh  they  differ  from  one  another  are  (1)  the 
degree  of  finish  which  that  all-important  organ  the  ctenidium  has 
attained,  and  (2)  the  extent  to  which  the  animal  is  able  to  burrow. 

The  simplest  forms,  such  as  Nucula,  have  ctenidia  like  those  of 
a  Gastropod,  a  fact  which  suggests  the  view  now  generally  held, 
that  the  Lamellibranchs  are  descended  from  some  primitive  type  of 
Gastropod. 

In  otiiers,  aoch  as  the  Sea-mussel  (AfytHus)  the  ctenidia  have 
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the  same  external  appearance  as  those  of  Unio,  but  the  filaments 

are  very  loosely  united  with  one  another  and  their  upturned  ends 

are  not  fused  to  the  mantle.     The  foot  is  small  and  tongue-shaped, 

B    7  the  animal  never  burrows  and  rarely 

moves,  being  fixed  by  a  cord  of  mucus 

called  the  by  sbub,  secreted  by  a  gland 

in  the  hinder  part  of  the  foot 

In  the  Oyster  (Ostrea)  the  foot  has 
disappeared  and  the  animal  passes  its 
life  resting  on  one  side.  In  the 
Scallop  {Pecten)  the  foot  has  also 
atrophied,  but  the  auimal  is  able  to 
swim  through  the  water  by  flapping 
the  valves  of  the  shell.  The  Cockle 
*  (Cardium)  has  a  large  and  powerful 

foot,  by  which  it  is  enabled  to  execute 
leaps. 

Ml/a  (sometimes  known  as  the 
Clam,  though  this  term  is  applied  to 
many  Bivalves)  and  its  allies  burrow 
deeply  in  the  sand  and  have  the  edges 
of  the  mantle  behind  drawn  out  into 
two  long  tubes  closely  apposed  to  one 
another,  termed  the  dorsal  and  ventral 
siphons.  By  means  of  these  tubes 
they  keep  up  a  connection  with  the 
surface,  so  that  the  currents  of  water 
are  not  interrupted.  Similar  tubular 
funnels,  though  not  so  much  drawn 
out,  are  seen  in  the  Bazor-shell  (Solen) 
(Fig.  122).  Photos  and  some  others  are 
able  to  burrow  in  rock;  this  is  said 
in  some  cases  to  be  efEected  by  an  acid 
secretion  poured  out  by  the  flat  disc- 
like end  of  the  cylindrical  foot. 
Teredo,  the  ship-worm,  burrows  in 
timber ;  the  siphons  are  very  long  and 
coveted  with  a  shelly  deposit ;  the 
original  valves  of  the  shell  are  very  small  compared  to  this 
secondary  shelly  tube.  This  animal  is  very  destructive  to  sub- 
merged  wooden  structures  j  a  wooden  pile  supporting  a  pier  in 


Fio.  122.  Solen  vagina,  the 
Kazor-shell,  the  stiell  la 
opened  and  the  pOBterior 
part  of  the  mantle  la  torn  to 
admit  of  thia. 

1.  Shell.  2.  Foot.  3.  La- 
bial  palpe.  4.     Gllle. 

5.  Torn  portion  of  mantle. 

6.  BiisUe  in  ventral  siphon. 

7.  Bristle  in  dorsal  siphon. 


Goot^  Ic 


Vin.]  CEPHALOPODA  221 

Vancouver  was  in  eighteen  months  reduced  to  a  mere  spongework 
of  wood  by  its  ravages. 
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Class  III.    Cephalopoda 

A  third  class  of  the  Mollusca,  very  differently  constituted  from 

the  Lainellibranchiata,  is  that  of  the  Cuttle-fish,  or  Cephalopoda. 

This    paradoxical    name, 

lite  rally      "  head-footed  " 

(Gr.   Kc^oA^,  head;  n-oik, 

wa&oi,  a  foot),  is  suggested 

by  the  circumstance  that 

the  foot  has  grown  for- 
ward and  upwards  at  each 

side  of  the  head,  and  that 

these  two  extensions  have 

met  and  coalesced,  so  to 

speak,  on  the  back  of  the 

neck.     The  edges  of  this 

jiart   of  the  foot,  which 

may  be  called  the  fore- 
foot, are  drawn  out  in-  m. 

to    strap-like     processes, 

which  are  the  arms  by 

which  the  animal   seizes 

its   prey-     The  edges  of 

the    hinder    part  of  the 

foot,  on  the  other  hand, 

have  become  bent  round 

and    joined    beneath  the 

animal,  so  as  to  form  a 

tube,  the  funnel,  through 

■which    water    is    ejected 

from  the  mantle-cavity. 
The    commonest    ex- 
ample of  the 
Cephalopoda 

is  the  Squid,  Sepia  officinalis,  often  caught  round  the  British  shores 

by  trawlers.    It  is  also  found  in  the  Mediterranean,  where  it  is  a 

favourite  article  of  food.     A  cuttle-fish  of  about  the  same  size  but 

of  a  narrower  and  more  elongated  shape,  Ommastrephea  iUecebroaa, 
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Fio.  123.  DiagrtimB  al  a  series  of  MoUuacs 
to  flhow  the  form  of  the  fnin  and  lU 
regions  and  the  relations  of  the  viBct^ral 
hump  to  tbe  antera-poaterioT  and  dorso- 
Tentml  axes.     After  Lankester. 

1.    A   Proaobranch   Gastropod.  IT.    La- 

me llihranch.  III.    A   Cephslnpod. 

A.  Anterior  surface.  P.  Posterior  sur- 
face. D.  Dorsal  surface.  V.  Ventral 
surface.  1.    Mouth.  2.    Anus. 

3.    Mantle-cavity.        4.    Foot. 
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Fio,  134.  ToBleriot  vievi  ol  mnh  ot  Srpia  offlrinntis  y  1.  The  iDanUe-cavity 
bus  been  opened  to  expoiie  ila  coiitenls. 

1.   Long  arm  half  protnided.  2.  A  short  axm  i  tbia  oneishecto-cotjlised. 

3.  Lips  surrounding  borny  jaws ;  mouth.  4.   External  opeoing  of 

fuDtiel.         t>.  Eye.  6.  Cartils^nous  knob  on  mantle  which  fits  into 

the  hollow  g.  7.  Gill.  8.  Socket  for  6.  9.  Anua.  10.  De- 

pressor muscle  ot  the  funnel.  11.  ReproductiTe  pore.  12.  Rigbt  kidney 
papilU.        13.  Visceral  mass.        14.  Fin. 
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is  common  in  tbe  Gulf  of  St.  Lawrence.  The  body  of  Sepia  appears 
to  be  composed  of  a  swollen  head,  separated  by  a  neck  from  a 
tapering  trunk.  When  closely  examined,  however,  the  body  is  seen 
to  be  nothing  but  a  long,  pointed,  visceral  hump,  like  that  of  the 
snail,  but  it  is  not  twisted,  and  is  unprotected  by  an  external  shell. 
The  mantle,  as  in  the  anai!,  is  a  skirt-like  fringe  of  skin,  the  space 
between  its  inner  surface  and  the  visceral  hump  forming  the  large 
mantle-cavity.  In  order  to  compare  the  animal  with  the  snail 
it  must  be  placed  with  the  point  of  the  hump  projecting  upwards 
and  backwards  (Fig.  123).  The  so-called  head  includes  the  true 
bead,  with  two  enormous  eyes  of  almost  human  aspect,  surrounded 
by  the  fore-foot.  The  fore-foot  is  drawn  out  into  eight  short 
pointed  arms,  thickly  covered  on  their  inner  sides  with  stalked 
suckers  (Fig.  124),  aud  two  veiy  long  arms  bearing  suckers  only 
at  their  expanded  ends.  These  latter  can  be  puUed  back  into  two 
large  pits  situated  at  their  bases,  and  when  so  retracted  they  are 
completely  hidden  from  view. 

The  sucker  is  a  cup  with  a  homy  rim  which  keeps  the  opening 
from  collapsing.  In  its  base  there  is  a  swelling,  which  is  the 
end  of  a  muscle  running  into  the  Stalk,  and  by  the  contraction 
of  this,  when  the  cup  is  applied  to  any  object,  a  partial  vacuuni 
is  produced.  Bj  means  of  the  suckers  the  Squid  can  take  a  firm 
hold  of  its  prey. 

The  hind-foot  is  the  tube,  known  as  the  funnel  (Figs.  124  and 
127).  The  posterior  end  of  this  is  overlapped  by  the  hind  end  of 
the  mantle;  in  other  words,  it  projects  into  the  mantle-cavity. 
The  mantle  is  very  muscular;  by  the  contraction  of  longitudinal 
muscles  running  towards  the  apex  of  the  hump  the  mantle-cavity  is 
widened ;  by  the  contraction  of  circular  muscles  it  is  narrowed,  and 
by  the  alternate  action  of  these  two  seta  of  muscles,  water  is  sucked 
in  and  forced  out  of  the  mantle-cavity. 

When,  however,  the  mantle-cavity  is  contracted,  two  projecting 
pegs  on  the  inner  aide  of  the  mantle  fit  into  sockets  on  the  outer 
side  of  the  funnel  (6  and  8,  Fig.  124).  No  water  can  then  escape 
over  the  free  edge  of  the  mantle,  and  all  is  ejected  in  a  narrow  and 
forcible  stream  through  the  funnel.  The  funnel  itself  is  muscular 
and  by  contraction  aids  the  process ;  there  is  a  valve-like  projection 
inside  it  which  prevents  water  from  being  driven  back  into  the 
mantle-cavity  (Fig.  127). 

Since  water  is  sucked  in  gently  and  ejected  forcibly  the  animal 
is  propelled  in  the  opposite  direction,  that  is  backwards,  by  the 
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fsaction  ot  the  ntttam  againat  the  aarromidiii^  watw.  ^i>!pHi  can 
howevftT  also  swim  ffently  forward  by  wave-like  uciiulationa  of  the 
two  lateral  fins.  These  tins  ar«  flaps  of  akia  projecting  from  the 
tides  of  the  vistKral  hump  C14,  Fig.  I24|. 

It  ha«  been  said  that  the  visceral  hump  ia  on  protected  by  aa 
erxternal  shell.  This  is  not  strifrtly  true.  On  the  anterior  surface 
of  the  hump  there  is  an  oval  plate-like  shell  completely  hiiliieD  in 


Via.    126.     A  dlBgram  nboirlng  the  relation  of  the  kidneys  to  the  pericardium 

in  Sepia. 
I.  RxU-Tnt]  npnnlnK  of  the  kidnej'  Into  man  tie-cavity.  2.  Inlernal  opening 
oT  t)iR  hi'liipy  into  the  pt-rlcardlal  coelom.  3.  'ipeniog  ot  the  right  kidney 
lnU>  the  dorMil  mc  and  hence  into  the  left  kidney.  4.  Left  kidney, 
ventral  portion.  6.  Keno-pericardial  canal.  6,  Pericardium,  part  of 
the  iHiel'iin.  T.  Branchial  henrt.  6.  ]>o[Bb1  sac  common  to  both  kidneys. 
A.  Arrow  psuwlng  inUi  left  kidney  by  external  opening  from  mantle-cavity. 
».  Arrow  pwuinK  Into  right  kidney  through  eniernal  opening  into  median 
lobe.  c.  Arrow  patwlng  Into  external  opening  and  then  into  internal 
opening,  and  mu  into  pericardial  coelom. 

a  nor,  formed  by  the  mec^ting  over  it  of  upturned  flaps  of  skin  (14, 
V'm.  lli?).  From  its  ujiper  surface  project  an  innumerable  number 
«f  ditlii^ate  calcareous  plates  parallel  to  one  another,  the  spaces 
Ix'twrm  them  Inking  filled  with  gas  so  as  to  give  lightness. 

Ill  line  or  two  living  Cephalopoda,  as  for  instance  the  Pearly 
Nautilus  {Nautilus  pompiliuH),  and  in  very  numerous  extinct  forms, 
tlierc  was  a  large  tubular  external  shell  which  might  be  straight  or 


^aovGoOt^lc 


VIII.]  CEPHALOPODA  ,  225 

coiled,  but  which  always  had  the  peculiarity  of  having  a  large 
number  of  septa,  or  transverse  plates,  dividing  up  its  cavity  into 
chambers,  only  the  last  of  which  contained  the  visceral  hump,  the 
rest  being  filled  with  gas  (Fig.  130).  In  Sepia  it  is  supposed  that  the 
chambers  have  become  so  small  and  shallow  that  the  last  one  simply 
appears  as  a  plate  situated  on  part  of  the  surface  of  the  hump.  The 
other  chambers  contain  gas  as  in  Nautilus. 

Sepia  possess  two  well-formed  ctenidia,  each  consisting  of 
an  asis  bearing  two  rows  of  thin  plates.  The  axis  is  suspended 
from  the  body  by  a  membrane,  and  the  ctenidia  project  forwards 
and  downwards  instead  of  backwards  as  in  the  Lam  ell  i  branch  iata 
(7,  Fig.  124). 

As  in  Lamellibranchiata,  there  are  two  kidneys  which  open  by 
little  papillae  placed  just  in  front  of  the  basis  of  the  ctenidia 
(12,  Fig.  124).  Just  inside  the  papilla  is  a  narrow  opening,  the 
lips  of  which  are  folded  so  as  to  make  it  appear  like  a  rosette. 
This  is  the  internal  opening  of  the  kidney :  it  leads  into  a  lateral 
prolongation  of  the  pericardium,  whiiih is  the  veuo-pericardial 
canal  (Fig.  125).  The  kidney  has  the  form  of  a  wide  sac  and  may 
perhaps  be  compared  to  a  U-shaped  kidney,  like  that  of  Unio,  in 
which  the  two  limbs  have  become  merged  in  one  another. 

The  wall  of  the  kidney  is  smooth,  except  over  the  course  of  the 
large  veins  which  run  beneath  its  upper  and  inner  wall.  Here  the 
epithelium  is  folded  and  consists  of  tall  cells  which  are  actively 
engF^ed  in  extracting  excreta  from  the  blood,  as  may  be  seen  by  the 
rows  of  granules  with  which  they  are  filled.  From  the  anterior  ends 
of  the  kidney  two  outgrowths  project  which  immediately  fuse  into 
one  and  constitute  a  great  pouch  called  the  dorsal  sac  (8,  Fig.  125) 
stretching  upwards  and  backwards  just  underneath  the  shell.  This  ' 
peculiar  extension  gives  to  the  two  kidneys  the  form  of  M,  between 
the  median  V  and  outer  limbs  of  which  lies  the  pericardium. 
Posteriorly  the  cavities  of  the  right  and  left  kidneys  also  com- 
municate with  one  another. 

The  pericardium  is  a  wide  sac  lying  between  the  dorsal  pouch  of 
the  kidneys  and  their  ventral  parts.  At  the  sides  it  gives  off  the 
reno-pericardial  canals,  whilst  the  stomach  and  intestine  project 
into  its  roof. 

The  ventricle  of  the  heart  is  a  spindle-shaped  sac  lying  trans- 
versely (Fig.  126).  Into  its  two  ends  open  the  tubular  thin-walled 
auricles  which  receive  the  blood  from  the  ctenidia.  From  its 
anterior  wall  a  powerful  artery,  the  anterior  aorta,  is  given  off. 
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running  forward  above  the  oesophagus  to  the  head,  and  a  smaller 

artery  or  posterior  aorta  goes  backwards  and  upwards  to  supply  the 
stomach  and  genital  organ.  These  arteries  have  regularly  formed 
branches  from  which  the  blood  enters  definite  veins.  This  formation 
of  well-defined  channels  for  the  blood  is  characteristic  of  the  Cepha- 
lopoda. Of  these  veins  the  most  important  are ;  (1)  the  anterior 
vena  cava;  this  is  a  channel  in  the  mid-ventral  line  in  front  of  the 


Fio.  126.    View  of  heart  and  chief  blood-veesels  of  Sepia  cuUrata. 
Partly  after  Pai'ker  and  Uaswell. 
1.   Ventricle.        2.  Auricle.       3.  Ctenldlum.        4.  Anterior  aorta,      5.   Pos- 
terior aorta.  6.  Anterior  vena  cava.  7.   Vein  from  Ink-Bao. 
8.  Genital  Teln.       9.  Branchial  vein.       10.  Branchial  heart.       11.  Right 
abdominal  vein.    12.  Vein  from  tLe  mantle. 

kidneys,  which  forks  and  sends  a  branchial  vein  over  each  kidney  to 
the  base  of  each  gill ;  (2)  the  abdominal  veins ;  these  are  a  pair  of 
large  channels  which  come  from  the  mantle,  especially  the  upper 
part  of  it,  and  join  the  forks  of  the  vena  cava  just  before  they  enter 
the  gills  i  (3)  the  genital  vein ;  this  is  a  trunk  draining  the  genital 
organ,  it  rans  along  the  ventral  wall  of  the  dorsal  pouch  of  the 
kidney  and  joins  the  right  fork  of  the  vena  cava ;  (4)  a  vein  from  the 
ink-sac  joins  the  same  fork,  and  (5)  on  each  side  a  smaller  vein  from 
the  mantle  joins  the  main  venous  system  at  the  branchial  hearts 
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Fio.  127.  Left  half  of  ii  Sepia,  sliowiiiff  the  relatinn  to  one  another  ot  some 
of  the  priucipnl  viscera,  about  1.    ]>iagraiiimatic. 

1.  OTary.  2.  Genital  part  of  the  coelom,  3.  Pericardial  part  of  liie 

coelom ;  the  reference  line  tonchea  the  heart.  4.  Mantle-cavity.  6.  Kec- 
tion  of  intestine.  t).  Incomplete  Eeptum  between  genital  and  pericar- 
dial coelom.  T.  Ventral  limb  of  kidney.  6.  Glandular  tissue  of 
kidney.  9.  Dorsal  limb  of  kidney.  10.  Slomach,  11.  Liver  duct. 
12.  "Pancreatic"  caeca.  13.  Liver.  14.  Shell.  15.  Shell  sac. 
10.  Dorsal  horny  jaw.  IT.  Anterior  opening  of  funnel.  18.  Valve 
in  funnel.         19.    Gadula.         20.    Lips.        21.  Ventral  horny  jaw. 
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(Fig.  126).    Where  these  veins  come  in  contact  with  the  kidney 
wall  the  special  eieretory  tissue  mentioned  above  is  developed. 

A  peculiar  feature  in  the  circulatory  system  is  the  presence  of  a 
pair  of  muscular  swellings  of  the  forks  of  the  vena  cava  just  before 
they  enter  the  gills.  These  are  the  branchial  hearts,  the 
function  of  which  is  to  drive  the  blood  into  the  gills,  whereas  the 
auricles  drain  it  out  of  them.  E^h  branchial  heart  projects  on 
the  one  aide  into  the  kidney  and  on  the  other  side  into  the  reno- 
pericardial  canal,  and  the  epithelium  of  the  latter  where  it  covers 
the  heart  is  greatly  thickened  so  as  to  form  a  cushion,  the  function 
of  which  is  excretory.  This,  like  Keber's  organ  in  the  river-mussel, 
is  a  remnant  of  the  primitive  excretory  function  which  probably  all 
the  cells  of  the  coelom  once  possessed. 


Fia.  12S.  Lateral  view  of  the  central  nervooa  Bystem  of  Septa  offlcinalia. 
Mngnifled.    From  Cheron. 
1.   Upper  buccal  sanglion.  2.   Nerves  connecting  buccal  ganglion  wlUi 

cerebral  gaDglion.  3.  Brachial  ganglion.  4.   Fedal  ganglion. 

6.   Pleural  ganglioD.  7.   Supra^esophageal  gaaKllon,  8.   Cut 

end  of  optic  nerve.  0.  Superior  oplithalmic  nerve.  10,  PallisI  nerves. 
11.  Visceral  nerve,  12,  Anterior  nerve  to  the  funnel.  14.  Auditory 
nerve.  15.   Inferior  opiittiaimic  nerve.  10.   Nerves  to  the  arm. 

The  dotted  outline  repreaentg  the  buccal  mass  and  the  oesophagus. 

The  alimentary  canal  of  Sepia  is  coustnicted  on  very  much  the 
same  plan  aa  that  of  the  snail.  The  mouth  is  situate  in  the  centre 
of  the  arms  and  surrounded  with  a  frilled  lip  (Fig,  127),  There  is  a 
large  buccal  mass  containing  the  radula,  and  there  are  a  pair  of 
powerful  jaws  shaped  like  a  parrot's  beak,  moveable  on  one  another, 
of  which  the  ventral  Is  the  larger.  There  are  two  salivary  glands 
and  a  long  narrow  oesophagus  but  no  crop.  The  oesophagus  widens 
behind  into  the  stomach,  which  receives,  as  is  usual  in  MoUusca,  the 
ducts  of  the  liver.    With  the  stomach  is  connected  a  side  pouch 
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spirally  coiled.  The  liver  is  enormous,  occupying  all  the  anterior 
portion  of  the  visceral  bamp;  the  ducts  traverse  the  dorsal  ex- 
tension of  the  kidneys,  and  are  in  this  position  covered  externally 
with  excretory  tissue  which  by  the  older  naturalists  was  termed 
"  pancreatic  caeca"  (12,  Fig.  127)  from  a  mistaken  comparison  with 
the  human  pancreas.  The  intestine  is  slightly  bent  on  itself  and 
ends  in  an  oval  papilla.  Apeculiar  sac,  the  ink-bag,  the  cells  lin- 
ing which  secrete  the  pigment  known  as  Indian  ink  or  Sepia, 
opens  by  a  long  duct  on  this  papilla  (Fig.  129).  When  the  Cuttle- 
fish is  alarmed  it  ejects  this  ink  and  darkens  the  crater  so  much 
as  completely  to  escape  from  view. 

The  nervous  system  consists  of  ganglia  even  more  closely  massed 
than  in  the  case  of  the  snail.  The  supra-ocsophageal  ganglia 
form  one  rounded  mass;  they  are  produced  at  the  sides  into  the 
very  much  largeroptic  ganglia  which  are  in  close  relation  to  the 
eyes  (Fig.  128).  The  pedal  ganglion  is  divided  into  an  anterior 
ganglion  called  the  brachial,  and  a  posterior  ganglion  sometimes 
called  the  infundibular.  The  brachial  ganglion  supplies  a  stout 
nerve  to  each  arm,  and  each  nerve  swells  out  into  a  small  ganglion 
just  where  it  enters  the  arm  (Fig.  129).  The  infundibular  ganglion 
supplies  the  funnel. 

Posterior  to  the  infundibular  ganglion  are  the  two  pleural 
ganglia  fused  together.  These  give  rise  to  a  visceral  loop  which 
supplies  the  various  internal  organs  and  the  gills.  From  the 
game  ganglion  two  short  nerves  run  to  the  mantle  and  terminate 
in  the  two  large  stellate  ganglia,  which  underlie  the  skin  and 
supply  nerves  to  all  the  muscles  of  the  mantle  (Fig.  129).  This 
ganglion  and  the  common  trunk  of  the  two  visceral  nerves  repre- 
sent the  pleural  ganglia,  the  visceral  loop  and  its  associated  ganglia, 
of  other  Mollusca.  The  buccal  mass  is  supplied  by  two  ganglia, 
superior  and  inferior,  each  representing  a  pair  joined  by  a  minor 
nerve  collar  running  round  the  oesophagus.  The  inferior  ganglion 
corresponds  to  the  buccal  pair  in  the  snail,  the  superior  is  a 
separated  part  of  the  cerebral. 

It  has  been  already  stated  that  Sepia  possesses  complicated 
eyes.  In  the  embryo  these  are  like  the  eyes  of  the  snail,  merely 
sacs  lined  by  visual  cells  and  containing  a  transparent  horny 
secretion  which  serves  as  a  lens.  In  fact,  in  the  embryo,  the  sac  is 
at  first  a  pit  which  gradually  closes  up.  Immediately  over  the  spot 
where  the  first  pit  closed  a  second  pit  is  formed  in  which  a  second 
homy  lens  is  formed  just  over  the  first  one,  so  that  the  lens  consists 
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of  two  pieces,  and  as  in  the  eye  of  the  Vertebrate,  there  is  an  anterior 
and  a  posterior  chamber  to  the  eye  sejjarated  from  one  another  by 
the  lens. 


_.    _  2.  Auditory  nerve.       3.  AnWrtor 

nerve  to  the  funnel.  i.  Nerve  to  the  vena  ciiva.  6.  Posterior  nerve 
to  funnel.  6.  Continuation  of  this  nerve.  7.  Accessory  nerve  to 
mantle.  8.  Left  nerve  to  mantle.  9.  Stellate  ganglion.  10,  Com- 
nion  trunk  of  tlie  visceral  loop,  11.  Left  branch  of  the  visceral  loop. 
12,    Nerve  to  muscles.  13.    Nerve  to  viscera.  14.    Ganglion  on 

branchial  heart.  16.  Nerve  o(  ctenidium.  10.  Ink-bag.  17.  Duct 
of   ink-bag.  18.   Left  nidamenlal   gland.  19.   Bnuichial  heart. 

20.  Position  of  anus.        21.  External  opening  of  kidneys. 

Into  the  anterior  chamber  a  circular  fold  projects  called  the 
iris,  fulfilling  exactly  the  same  function  as  the  iris  of  the  human  eye 
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or  the  diaphragm  in  a  phok^raphic  camera.  Outside  and  around 
the  eye  a  circular  fold  acts  as  an  eyelid. 

The  cerebral,  pedal  and  pleural  gauglia  are  surrounded  by  very 
tough  connective  tissue,  in  which  the  fibres,  although  still  visible, 
have  a  cheesy  consistence,  the  tissue  being  called  fibro-cartilage. 
In  this  ivay  a  kind  of  skull  is  formed,  which  sends  a  scoop-like 
extension  on  either  side  over  the  back  of  the  eye,  covering  the 
optic  ganglia.  The  edges  of  the  scoop  pass  into  ordinary  connec- 
tive tissue  round  the  rest  of  the  eye.  This  tissue  forias  the  wall 
of  the  eyeljall. 

The  otocysts  are  branched  and  embedded  in  the  ventral  wall 
of  the  skull.  They  receive  nerves  from  the  cerebral  ganglia,  but  as 
the  nerve  fibrils  traverse  the  pedal  ganglia  they  appear  to  arise  from 
the  latter. 

The  genital  organ  in  Sepia  occupies  the  apex  of  the  visceral 
hump.  It  is,  as  examination  of  young  specimens  shows,  a  thicken- 
ing of  the  wall  of  the  ooelom,  behind  the  pericardial  eoelom.  The 
apace  into  which  the  eggs  and  spermatozoa  are  shed  is  only  shut  off 
from  the  pericai'dium  by  an  incomplete  partition,  so  that  in  Sq;ia  a 
state  of  things  persists  throughout  life  which  is  only  found  in  the 
embryos  of  the  snail  and  its  allies  (Fig.  127). 

The  genital  duct  is  present  only  on  one  side,  the  left,  and  is 
produced  into  a  prominent  papilla  which  in  the  male  is  used  as  a 
penis  (Fig.  124).  The  outermost  part  of  the  duct  in  the  male  is  a 
wide  pouch  in  which  the  spermatozoa  are  welded  into  masses  and  en- 
veloped in  cylindrical  cases  called  spermatophores.  Just  beyond 
this  the  duct  receives  the  excretion  of  two  glands  termed  prostate 
glands,  and  then  narrows  into  a  very  fine  tube  which  opens  inter- 
nally into  the  eoelom.  Since  in  some  cuttle-fish  the  genital  duet  is 
paired  and  in  NautUua  there  are  two  pairs  of  kidneys,  and  the 
genital  ducts  of  that  animal  appear  to  be  modified  kidney  ducts,  it 
has  been  su^ested  that  the  genital  duct  of  Sepia  is  all  that  is 
left  of  a  missing  pair  of  kidneys. 

The  oviduct  is  simple,  but  in  the  female  there  are  four  glands, 
the  nidamental  glands,  situated  on  the  wall  of  the  mantle-cavity 
just  outside  the  kidneys  (18,  Fig.  120).  From  the  secretion  of  these 
glands  tough  e^-shells  resembling  india-rubber  cases  are  made. 
The  egg  is  about  the  size  of  a  pea,  and  when  the  young  cuttle-fish 
emerges  it  is  already  like  the  adult. 

Modern  cuttle-fish  have  a  fairly  uniform  structure.  The  two 
long  tentacular  arms  are  absent  in  the  Octopoda.     In  Loiigo  the 
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shell  is  horny,  in  Oetopita  it  is  entirely  absent  In  OmmaslTephei, 
the  common  cuttle-fish  of  the  Gulf  of  St  Lawrence,  the  anterior 
chamber  of  the  eye  is  open  and  the  lens  bathed  with  sei^ 
water. 

Nautilus  is  a  remarkably  interesting  cuttle-fish,  widely  different 
from  Sepia  and  the  others,  but  closely  allied  to  most  of 
the  extinct  forms.  The  arms  are  short,  broad,  ill-de- 
fined lobes,  the  suckers  being  represented  by  tentacles  with  raised 
ridges  round  their  bases.  There  is  a  large  external  shell  coiled 
forwards  in  the  median  plane  over  the  animal's  head,  so  to  speak 
(Fig.  130).    The  visceral  hump  is  enclosed  in  the  last  chamber,  and 


Fio.  130.  Side  view  of  Xautihu  pnmplHui  >;  {.  After  Graham  Kerr.  Halt  Uie 
fliell  boa  been  removed  to  expose  the  animal  and  the  chambeis  of  Ijie  sliell. 

1.  Last  completed  chamber  of  the  shell.  2.  Hood  part  of  foot.  3.  Shell 
muscle.  4.  Mantle  out  away  to  expose  (6}  the  pin-hole  eye.  6.  Outer 
wall  of  shell,  some  of  which  is  cut  away  to  show  i^e  chambers.  T.  Siphon. 
8.  TentacuUferous  lobes  of  the  foot.      9.  FimneL 

from  the  apes  of  the  hump  a  membranous  tube  called  the  s  i- 
phuncle  is  given  o£E,  which  runs  through  all  the  other  chambers, 
piercing  the  septa.  There  is  a  fold  of  the  mantle  turned  back  over 
the  anterior  edge  of  the  shell,  the  first  foreshadowing  of  the  shell 
sac  of  Sepia. 

There  are  four  gills,  and  four  kidneys,  and  four  auricles  to  the 
heart.  Thus  Nautilus  shows  traces  of  segmentation.  The  papillae 
of  the  posterior  kidneys  are  split,  one-half  leading  directly  to  the 
reno-pericardial  canal,  the  other  into   the  sac-like  kidney.     The 
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reno-pericardial  canals  thus  open  directly  to  the  exterior,  and  the 
genital  ducts  are  in  such  a  relation  to  the  anterior  kidneys  as  to 
make  it  probable  that  they  are  the  ran o-peri cardial  canals  beloDging 
to  these,  which  have  acquired  independent  communication  with  the 
exterior. 

Cuttle-fish  feed  chiefly  on  crabs,  shrimps,  and  other  Artliropoda, 
using  their  beaks  to  break  the  hard  shell.  Some  are  large  enough 
to  attack  men,  and  this  circumstance  has  given  rise  to  many  legends. 
Gigantic  species  are  sometimes  cast  dead  on  the  shores  of  Kova 
Scotia,  the  length  of  body  being  ten  feet,  and  of  the  arms  over  fifty 
feet    The  phylum  Mollusca  finds  its  climax  in  the  cuttle-fishes. 

Phylum  MOLLUSCA 
MolluBca  are  classified  as  follows  : 

Class  I.    Gasteropoda 
Mollusca  with  a  flat  foot  adapted  for  crawling.     There  is  a  buccal 
mass  and  radula;  distinct  pleural  ganglia  are  present  and  the  shell 
is  never  composed  of  pairad  pieces. 

Sub-class  I.      ISOPLEORA 

Bilat«rally  symmetrical  forms  with  a  shell  composed  of  eight 
median  plates  situated  in  a  longitudinal  series.  Numerous  pairsi  of 
ctenidia. 

Ex.     Chiton. 

Subclass  II.  Anisopleura 
Asymmetrical  forms,  with  the  left  side  of  the  visceral  hump  long 
in  comparison  to  the  right,  the  anus,  kidneys,  and  ctenidia  being 
shifted  forwards. 

Division  I.     Streptoneura 
The  arms  and  ctenidia  shifted  so  far  forward  that  the  visceral 
loop  is  pulled  into  the  shape  of  an  eight  and  the  gill  is  anterior  to 
the  heart. 

Order  1.    ABpidobranohiata. 

Usually  two  kidneys,  two  auricles,  two  ctenidia.    The  axis 
of  the  ctenidia  free  and  both  rows  of  plates  present. 
Ex.    Haiiotia,  Patdla. 
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Order  2.     PeotinibrEinohiata. 

One  kidney,  one  auricle,  one  ctenidium  in  which  the  axis  is 
adherent  to  the  mantle  and  only  provided  with  one  row  of 
plates. 

Ex.    Buccimim,  the  Whelk. 

Division  II.     Euthyneura 
The  visceral  loop  is  untwisted  and  the  gill  is  posterior  to  the 
heart. 

Order  1.     Opisthobranobiata. 

Marine  forms  with  a  ctenidium  and  mantle. 
Es.     Aplgaia. 
Order  2.     Pulmonata. 

Land  and  fresh   water  forms  breathing  air,  having  the 
mantle-cavitj'  converted  into  a  lung. 
Ex.     Helix. 

Class  II.      SOLENOGASTRES 

Degenerate  worm-like  Mollusca  devoid  of  shell  and  foot  and  with 
a  ventral  ciliated  groove.  There  is  a  rudimentary  radula  and  the 
genital  organs  burst  into  the  pericardium,  the  nephridia  serving  as 
genital  ducts. 

Ex.     Proneomenia,  Neonienia. 

Class  III.       SCAPHOPODA 

Mollusca  with  a  tubular  shell  and  mantle  and  a  long  cylindrical 
foot  ending  in  three  processes.      A  buccal  mass  and  a  pleural  ganglia 
are  present.     The  genital  organ  oj^ns  into  the  left  nephridium. 
Ex.     Dentalium. 

Class  IV.     Lamellibrakchiata 
Mollusca  with  a  shell  composed  of  two  valves  united  by  a  hinge, 
and  a  mantle  of  two  lobes.      The  foot  is  usually  wedge-shaped  and 
the  plates  of  the  ctenidia  are  fused  to  form  gill-plates.     No  buccal 
mass.     Pleural  ganglia  fused  with  the  cerebral 

Sub-class  I.     Protobeanchiata 
Small  Lamellibranchiata  with  a  simple  ctenidium  like  that  of 
Gasteropoda,  and  large  labial  palps. 
Ex.     Nucula. 
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Sub-class  II.      FiLIBRAHCHIATA 

Lamellibiancbiata  in  which  the  filaments  of  the  ctenidium  are 
loosely  united  with  one  another  and  their  bent-up  ends  are  not 
united  to  the  mantle. 
Ex.     Mytiltta. 

Sub-class  III.      EULAMELLIBRAMCHIATA 

Lamellibranchiata  in  which  the  filaments  are  welded  into  a 
"lamella"  or  plate  and  their  bent-up  ends  are  joined  to  the 
mantle. 

Ex.     C7nto,  AnodotUa. 

Class  V.     Cephalopoda 

Mollusca  in  which  the  front  part  of  the  foot  surrounds  the  head 
and  is  drawn  out  into  sucker-bearing  arms  whilst  the  hind  portion  of 
the  foot  forms  a  muscular  tube.  The  ganglia  are  massed  together 
and  protected  by  a  skull :  there  is  a  buccal  mass  with  a  radula  and 
two  jaws. 

Sub-class  I.    Tetrabranchiata 

Cephalopoda  with  four  ctenidia,  four  kidneys,  four  auricles,  a 
large  external  shell,  no  suckers  and  very  short  arms. 
Ex.  NaiUilut. 

Sub-class  IT.     Dibranchiata 
Cephalopoda  with  two  ctenidia,  two  kidneys,  and  two  auricles. 
The  shell  enveloped  in  the  mantle  and  the  arms  are  long  and  pro- 
vided with  suckers. 

Order  I.     Decapoda. 

Dibranchiata  with  two  long  and  eight  short  arms. 
Ex.     Ommastrepkes,  Sepia. 

Order  II.     Ootopoda. 

Dibranchiata  with  eight  arms  of  equal  length. 
Ex.     Octopus. 
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Phylum  Echinouermata 

The  class  of  animals  known  as  the  Echinodermata  comprises 

tlie  well-known  Stat-fish  or  Five-fingers,  the  equally  well-known 
Sea-urchins,  the  less  familiar  Sea-cucumbers  and  Brittle-stars, 
lastly  the  graceful  Feather-stars.  Tlie  naiue  is  derived  from  two 
Greek  words,  t'xtvos,  which  means  hedgehog  {and  was  also  used  for 
the  sea-urchin),  and  hipiia,  the  skin.  The  pickles  and  spines  with 
which  many  members  of  this  Phylum  are  covered  constitute  a 
very  prominent  feature  in  their  appearance.  Spines,  it  is  true,  are 
sometimes  absent,  but  in  every  case,  whether  this  is  so  or  not,  the 
skin  contains  a  skeleton  consisting  either  of  plates  or  of  rods,  and 
the  spines  are  merely  rods  belonging  to  this  skeleton,  projecting 
outwards,  still  covered  by  the  skin  which  they  push  before  them. 

Class  I.       ASTEROIDEA 

The  most  familiar  of  all  the  British  Echinoderms  is  probably 
the  common  stai-fish,  Aalerins  nibens,  which  may  be  found  at  low 
water  on  almost  any  part  of  the  coast  where  shell-fish,  its  favourite 
food,  abound.  Very  similar  species,  Asterias  vulgaris  and  Asterias 
polaris,  abound  on  the  American  coast,  the  first-named  on  the  Sew 
England  coast,  the  second  further  north  in  the  Gulf  of  St  Lawrence. 
The  species  represented  in  Fig.  131  belongs  to  a  different  genus, 
Echinaater,  but  in  all  essential  features  of  its  anatomy  it  agrees 
with  Asterias.  Eckinasler  sentus  is  common  on  the  N.  American 
coast.  The  name  star-fish  denotes  the  shape.  The  body  is  pro- 
duced into  five  arms  or  lobes  which  are  arranged  like  the  spokes 
of  a  wheel  round  the  centre  of  the  body  or  disc,  where  on  the 
under  side  the  mouth  is  situated.  These  arms  are  termed  radii, 
and  the  re-entrant  angles  between  them  interradii. 
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The  star-fish  creeps  about   with   its  mouth  downwards:   ita 
motion  is  effected  by  means  of  hundreds  of  delicate 
semi-transparent    tentacles.      These   are   situated  in 
five  grooves  running  along  the  under  side  of  the  arms  and  con- 
verging   towards   the    mouth.      They  merge   into   a  depression 


surrounding  that  opening.  These  grooves  are  termed  the  ambu- 
lacral  grooves:  the  tentacles  situated  in  them  are  called  the 
tube-feet,  and  the  depressed  space  round  the  mouth  in  which 
all  the  grooves  unite  is  called  the  buccal  membrane  (Lat.  hueea, 
the  cheek)  or  the  peristome  [Gr.  n^pi,  around,  and  (nona,  mouth). 
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So  far  88  we  hare  yet  seen  the  Echinoderms  seem  to  differ  from 
Coelenterates,  which  are  also  radiate  animaAs,  in  the  details  of  the 
arrangement  of  the  orfjans  rather  than  in  any  fundamental  features. 
The  skeleton  no  doubt  is  peculiar  in  beiug  embedded  in  the  skin :  but 
the  spicules  of  the  Alcyonarja  occupy  a  similar  position,  although 
they  rarely  cohere  to  form  the  definite  rods  and  plates  like  those 
characteristic  of  Echinoderms.  When  the  soft  parts  are  dissolved 
away  from  one  of  these  rods  or  plates  by  caustic  potash  it  is  seen  to 
consist  of  a  delicate  network  of  calcium  carbonate ;  and  it  is  found 
by  observation  of  the  developing  young  that  such  a  plate  is  formed 
by  a  little  heap  of  cells  coming  together  and  secreting  a  lime- 
stone rod  between  them :  this  rod  then  branches  at  both  ends  and 
the  branches  bifurcate  again  so  that  the  twigs  of  the  second  or 
third  degree  approach  each  other  aud  joining  form  a  mesh,  and  this 
process  of  bifurcating  and  joining  is  repeated  until  the  plat«  or 
spine  is  built  up.  The  growth  of  the  primitive  rod  into  the  mesh- 
work  is  rendered  possible  only  by  the  growth  of  the  cells  which  shed 
out  the  calcium  carbonate.  These  cells  remain  throughout  life, 
more  or  less  modified,  as  a  kind  of  living  network  interpenetrated 
by  the  bony  one. 

When  we  cut  a  star-fish  open  we  then  see  that  the  animal 
apparently  consists  of  two  sacs  placed  one  within  the 
other.  The  innermost  sac  or  alimentary  canal  opens 
in  the  centre  of  the  upper  surface  by  a  minute  opening,  the  anus, 
through  which  undigested  matter  is  thrown  out,  and  on  the  under 
surface  by  the  mouth.  The  space  or  sae  which  apparently  surrounds 
the  digestive  cavity  of  the  star-fish  is  a  true  Coelom;  like  the 
coelom  in  a  segment  of  an  annelid  it  has  been  formed  by  the  union 
of  two  sacs  which  in  the  embryo  lay  right  and  left  of  the  digestive 
tube.  From  its  walls  the  muscles  are  developed,  and  also  the 
■generative  cells,  and  cells  which  give  rise  to  the  skeleton.  Between 
the  outer  wall  of  the  body  cavity  and  the  true  external  skin  which 
corresponds  to  the  ectoderm,  there  is  a  mass  of  more  or  less 
gelatinous  substance  exactly  corresponding  to  the  jelly  of  a  Medusa 
or  the  connective  tissue  of  an  Arthropod,  which  constitutes  the 
substance  of  the  body-wall.  Into  this  material  cells  budded  from 
the  body  cavity  wall  wander:  these  cells  from  their  power  of  move- 
ment and  appearance  can  be  recognised  as  amoebocytes.  It  is 
from  these  cells  that  the  skeleton  is  formed  iu  the  way  we  have 
described  above:  some  of  them,  however,  retain  their  primitive 
character  and  waader  about,  probably  carrying  food  to  the  various 
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parts  of  the  body-wall  or  perhaps  carrying  away  waste  matter. 
A  third  section  again  secrete  the  fibres  which  bind  the  variouB  rods 
constituting  the  skeleton  tc^ther,  and  form  a  simple  and  primitive 
variety  of  connective  tissue. 


Fia.  132.     The  common  Star-Qsh,  Asterlag  rubens,  diesected  to  Bbow  nx 
digestive,  and  reproductive  systems.    After  Rolleston  and  Jackson. 

1-6.    The  five  anna.  6.  MadrepoHc  plate  and  canal. 

"hepatic"  caeca,  two  in  each  arm.  8,  Generative  glands.  9.  Am- 
pullae of  tube-feet.  10.  Ambulacral  plates,  inner  surface.  11.  Pyloric 
sac.  12.  Duct  leading  from  pyloric  sac  to  pyloric  caeca.  13.  Stomach 
bulging  into  arm.  14.  Anus. 
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The  alimentary  canal  can  most  easily  be  examined  by  caiefully 
cutting  away  all  the  upper  parts  of  the  five  arms  in 
eao«i.  one  piece,  cutting  along  both  sides  of  each  arm,  then 

raising  the  upper  part  of  the  animal  and  clipping  through  the 
intestine  near  the  amis.  By  tliis  means  the  animal  is  separated 
into  an  upper  and  lower  half  and  all  the  internal  organs  are  dis- 
played in  one  piece  or  the  other.  The  alimentary  canal  is  then 
seen  to  consist  of  several  regions  clearly  distinguished  from  oue 
another.  It  begins  with  an  exceedingly  short  gullet  which  passes 
at  the  lips  into  the  buccal  membrane  already  mentioned :  the  gnllet 
widens  out  above  into  an  exceedingly  loose  bi^gy  stomach  produced 
into  ten  short  pouches,  two  situated  in  the  beginning  of  each  arm. 
Above  the  stomach  and  communicating  with  it  by  a  wide  aperture 
lies  a  flattened  pentagonal  bag,  called  the  py  loric  sac,  and  from 
each  of  the  five  angles  of  this  sac  there  is  a  tube  given  off  which 
runs  into  each  arm,  where  it  is  soon  divided  into  two  parallel  sacs, 
each  produced  into  a  multitude  of  tittle,  short  pouches.  These  sacs 
ai"^  called  the  pyloric  caeca:  caecum,  Latin  "blind,"  being  a  con- 
venient zoological  term  for  a  blind  pouch.  The  pyloric  caeca  are 
tied  to  the  upper  side  of  the  arm,  each  by  two  bands  of  transparent 
membrane  called  mesenteries.  From  the  centre  of  the  pyloric 
sac  a  short  straight  tube  runs  to  the  upiwr  surface  of  the  animal, 
where  it  opens  by  a  minute  anus :  this  tube  is  called  the  rectum, 
a  name,  as  we  have  seen,  commonly  given  to  the  last  portion  of  the 
digestive  tube.  The  rectum  has  attached  to  it  two  branched 
tubes  of  a  brown  colour  which  open  into  it,  called  the  rectal 
glands. 

The  reason  of  the  division  of  the  digestive  sac  into  various 
parts  is  of  course  the  different  uses  to  which  they  are  put  in  the 
life  of  the  animal ;  and  we  may  stop  for  a  moment  to  enquire  what 
these  uses  are. 

Star-hsh  feed  chiefly  on  bivalve  shell-lish,  such  as  mussels, 
cockles  and  clams,  though  they  will  attack  almost  any  animal,  and 
their  mode  of  seizing  their  prey  is  very  curious.  If  they  are 
attacking  a  bivalve,  they  bend  all  their  five  arms  down  round  it, 
thus  arching  up  the  central  portion  of  the  body.  Then  the  stomach 
is  pushed  out,  —  this  being  rendered  possible  by  the  turning  inside 
out  of  its  edges,  which  as  we  saw  above,  were  loose  and  tia^y — and 
wrapped  around  the  fated  mollusc.  The  pushing  out  is  effected  by 
the  contraction  of  some  muscle  fibres  in  the  body-wall ;  these  tend 
to  diminish  the  space  which  the  coelora  occupies,  and  aa  this  ia 
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filled  with  incompressible  fluid,  the  stomach  must  be  pressed  out. 
After  some  time  has  elapsed  the  star-fish  relaxes  its  hold  and  it  is 
then  seen  that  the  shell  of  the  mollusc  is  completely  empty  and  as 
clean  as  if  it  had  been  scraped  with  a  knife.  Kow  it  is  obvious 
that  the  stomach  must  pour  out  some  strong  chemical  solvent, 
which  is  able  in  the  iirst  instance  to  kill,  then  disintegiate,  and 
finally  entirely  dissolve  the  prey;  and  if  thin  sections  of  the  wall 
of  the  stomach  be  examined,  we  see  that  many  of  the  cells  of  which 
it  is  composed  are  what  are  called  goblet-cells,  that  is,  they  are 
Bwollen  out  by  la^e  clear  drops  of  fluid,  which  are  probably  of  a 


Fia.  133.     Slar-flHh,  Echinaater  sentiii',  in  the  act  of  derourins  a  Mussel. 
1.   Madreporic  plate. 

poisonous  nature.  The  cells  of  the  pyloric  sac,  on  the  other  hand, 
present  a  different  appearance ;  they  are  full  of  minute  granules, 
and  thus  recall  the  appearance  of  the  cells  in  other  animals,  which 
contain  the  active  digestive  principle.  Hence  it  seems  reasonable 
to  suppose  that  the  mussel  is  killed  by  the  action  of  the  juice 
secreted  by  the  stomach,  and  its  flesh  digested  by  the  secretion  of 
the  pyloric  sac  and  its  appendages  which  flows  downwards  into  the 
stomach.  Any  portion  remaining  undigested  is  expelled  through 
the  rectum;  no  food  ever  penetrates  into  the  pyloric  caeca. 

The  locomotion  of  the  star-fish  is  effected  in  the  following 
manner.     The  tube-feet  which  crowd  the  ambulacral  grooves  are 
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during  life  continually  extended  and  retracted.  At  their  ends  are 
WBt>r->Bft-  flat  circular  discs,  and  these  discs  are  pushed  against 
cuiar  ■yitam.  (.[,g  gtone  or  rock  OF  whatever  else  the  star-fish  is 
cliDging  to.  Then  by  the  contraction  of  their  muscles  the  centre 
of  the  disc  is  pulled  upwards,  and  so  it  is  made  to  adhere  in  exactly 
the  same  way  in  which  a  boy  makes  a  leather  ""sucker "  adhere  to  a 
stone.  When  once  the  disc  is  firmly  fixed  the  contraction  of  the 
tube-foot  draws  the  animal  after  it 


Fio.  134.    Diagram  of  a  transverse  section  of  the  arm  of  a  Star-fleh. 
].  EcMdenn.  2.  JeWy.  3.   Peribruichial  space  in  the  skin. 

4.   Peritoneal  lining  of  body  cavltj.  5.  A  branchla.     0.  Pyloric 

caecum.        7.  Meseutery  supporting  a  caecum.         8.  Spiue,        9.  Ossicle 
in  skin.  10.  Pedicel Laria,  II.   Ambulacral  ossicle.  12.   Ad- 

ambulacral  ossicle.  13.    Radial  trunk  of  water- vascular  system. 

14.    Radial  septum  separating  the  tvio  perihaemal  spaces.  16.    Radial 

nerve-cord,  a  tlilckened  band  of  ecuxlerm  with  a  plexua  of  nerve-flbrils 
underlying  it.  16.    Ampulla  of  tuhe-foot.  17.    Tube-foot 

18.  Perihaemal  space.  10.  Coelom. 

We  found  that  in  order  to  examine  the  alimentary  canal  it  was 
advisable  to  divide  the  star-fish  into  an  upper  and  a  lower  half.  If 
we  now  cut  away  the  tube-feet  and  look  at  the  roof  of  the  ambu- 
lacral  groove  from  which  they  project,  it  will  be  seen  that  the 
groove  is  roofed  in  by  a  double  series  of  calcareous  rods,  meeting 
each  other  at  an  angle  like  the  beams  of  a  church-roof  (11,  Fig.  l.W). 
These  are  called  the  ambulacral  ossicles.  They  can  be  drawn 
together  by  muscle  fibres  running  from  one  of  a  pair  to  its 
fellow  just  under  the  spot  where  they  meet.  By  this  action  the 
ambulacral  groove  is  narrowed ;  and  at  the  same  time,  inwardly 
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projecting  spines  lining  its  edges  are  made  to  meet,  so  that  the  tube- 
feet  are  entirely  protected  by  a  trelHsworli  of  spines.  These  spines 
are  attached  to  rods,  called  the  adambulaoral  ossicles,  firmly 
bound  to  the  outer  edges  of  the  ambulacral  ossicles  (12,  Fig.  134). 
Inside  the  animal,  between  the  ambulacral  plates,  a  series  of  pear- 
shaped  transparent  bladders  tensely  filled  with  fluid  project  into 
the  coelom  {Figs.  132  and  1.M).  These  are  really  the  swollen  upper 
ends  of  the  tube-feet,  and  are  termed  ampullae.  They  act  as 
reservoirs  into  which  the  fluid  contents  of  the  lower  part  of  the  foot 
are  driven  when  the  longitudinal  muscles  of  the  tube-foot  contract. 
The  bladder-like  upper  end  of  the  foot  has  only  circular  muscles, 
and  when  these  contract  the  fluid  is  driven  back  into  the  lower 
part  of  the  tube-foot  and  it  is  expanded.  The  tube-feet,  though 
from  the  above  description  it  would  seem  as  if  each  was  capable  of 
acting  without  the  others,  are  really  all  parts  of  one  system  :  they 
are  connected  by  short  transverse  tubes,  with  a  canal  running  along 
the  whole  length  of  the  arm  immediately  under  the  ambulacral 
ossicles,  called  the  radial  water-vessel  (13,  Fig.  134).  This 
canal  and  its  bi-anches  can  easily  be  seen  in  microscopic  sections  of 
the  arms  of  young  star-fish,  or  they  can  readily  be  demonstrated 
by  cutting  off  the  tip  of  the  arm  of  a  fully-grown  specimen  and 
finding  the  end  of  the  radial  tube  on  the  cut  surface,  and  inject- 
ing it  with  coloured  fluid  by  means  of  a  fine  pipette.  The  five 
radial  tubes  are  connected  with  each  other  by  a  riug-shaped 
canal  lying  just  within  the  peristome,  which  is  called  the  water- 
vascular  ring.  There  are  nine  small  pouches  called  Tiede- 
mann's  bodies  projecting  inwards  from  the  ring  canal.  In  these 
are  formed  the  amoebocytes  which  are  found  floating  in  the  fluid  of 
the  canal,  and  which  arise  by  budding  from  the  wall  of  each  pouch. 
From  the  ring  canal  also  in  one  interradius,  where  the  tenth 
Tiedemaun's  body  if  it  existed  would  be  found,  a  tube  is  given  off 
whicli  leads  to  the  upper  surface  of  the  disc,  where  it  opens  by  a 
sieve-like  plate,  pierced  by  numerous  minute  pores,  called  the 
mad  re po rite  (Figs.  132  and  133).  This  vertical  tube  receives  the 
awkward  name  of  the  stone  canal  because  its  walls  are  stiffened 
by  calcareous  deposit;  its  cavity  is  reduced  to  a  mere  slit  by  the 
projection  into  it  of  an  outgrowth  of  its  wall  shaped  in  section 
like  a  Y  with  coiled  ends,  which  is  likewise  strengthened  by  lime. 
Although,  as  we  have  said,  the  cavity  of  the  stone-canal  is  a  mere 
slit,  yet  it  is  lined  by  long  narrow  cells  carrying  most  powerful 
cilia.     In  many  species  of  star-fish,  although  not  in  Aaterias,  stalked 
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sacs  resembling  greatly  enlarged  ampullae  are  attached  to  the  water- 
vascular  ring.  These  appear  to  act  as  reservoirs  of  food  for  it: 
they  are  known  as  Polian  vesicles,  after  Poll,  the  naturalist, 
who  first  described  them. 

Now  since  all  the  movements  of  a  tube-foot  can  be  accounted  for 
by  the  action  of  the  longitudinal  muscles  of  its  lower  part  and  the 
circular  muscles  of  the  ampulla,  the  question  arises  as  to  what  is 
the  purpose  of  this  apparatus  of  radial  and  circular  tubes,  stone- 
canal,  and  madreporite  ?  There  is  one  interesting  little  mechanism 
which  supplies  a  valuable  clue  to  the  answer  to  this  question.  This 
is  a  pair  of  valves,  placed  in  the  tube-foot  at  the  enti-ance  of  the 
transverse  canal,  which  unites  it  with  the  radial  tube.  These  valves 
swing  open  into  the  tube-foot  when  the  pressure  in  the  radial  tube 
is  greater  than  the  pressure  iu  the  tube-foot,  but  when  the  pressure 
in  the  latter  is  the  higher,  they  close,  so  that  under  no  circumstances 
can  water  escape  from  the  tube-foot  into  the  radial  canal.  So  it 
appears  that  there  is  an  arrangement  which  allows  fluid  to  pass  into 
the  tube-foot,  but  which  prevents  its  return,  and  this  implies  that 
under  ordinary  circumstances  there  must  be  a  loss  of  fluid.  We 
must  in  fact  suppose  that  when  the  tube-foot  is  driven  out  by  the 
contraction  of  the  ampulla,  the  contained  fluid  slowly  transudes 
through  its  thin  walls,  and  the  loss  is  supplied  from  the  radial  canal. 
The  pressure  in  the  radial  and  circular  canals  is  kept  up  by  the 
action  of  the  cilia  in  the  stone-canal,  by  means  of  which  a  slow  but 
steady  current  is  produced,  setting  in  from  the  outside  through  the 
madreporite. 

The  function  of  the  whole  system  of  tubes  therefore  is  to  keep 
the  tut>e-feet  full  of  fluid  aud  thus  tense  and  rigid,  so  that  they  can 
perform  their  functions  properly. 

The  nervous  system  of  the  star-fish  is  one  of  the  most  interesting 
Nervout  fcaturcs  iu  its  anatomy.  The  ectoderm  consists  of 
tyatcm.  iQug  delicate  cells  bearing  fls^ella,  interspersed  with 

gobIet«ells  similar  in  appearance  to  those  lining  the  stomach. 
The  slime  which  these  cells  manufacture  covers  the  surface  of  the 
animal,  and  no  doubt  protects  it  from  the  attacks  of  bacteria  and 
microscopic  fungi.  But  the  chief  point  of  interest  is  that  at  the 
bases  of  the  long  delicate  cells  there  is  an  indescribably  fine  tangle 
of  delicate  nerve-fibres  which  are  doubtless  outgrowths  of  some  of 
the  cells.  Here  and  there  a  nucleus  is  seen  amongst  them,  which 
belongs  to  a  ganglion  cell  —  that  is  an  ectoderm  cell  which  has  lost 
its  connection  with  the  rest,  and  has  become  pushed  down  into  th« 
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fibrillar  layer.  The  ectoderm  all  over  the  body  is  therefore  under- 
lain by  a  nervous  sheath  and  is  very  sensitive,  but  there  axe  certain 
places  where  the  nervous  sheath  becomes  very  much  thickened, 
and  it  is  these  areas  which  constitute  the  true  sense-organs  and 
the  central  nervous  system. 

Isolated  sense-celis,  —  that  is,  cells  having  a  stiff  protruding  hair, 
are  scattered  all  over  the  surface ;  but  the  only  spot  where  thej-  are 
collected  in  groups  so  as  to  form  true  sense-organs,  is  on  the  tips  of 
the  tube-feet.  The  tube-feet  are  then  iiractically  the  only  sense- 
organs,  and  since  the  radial  water-tube  ends  at  the  tip  of  an  arm  in 
a  freely  projecting  tentacle,  we  might  regard  the  whole  radial  tube 
as  ahuge  branched,  sensitive  tentacle.  There  is  the  more  justifica- 
tion for  doing  this  when  it  is  found  that  the  radial  tube  with  its 
freely  projecting  tip  is  in  the  young  star-fish  quite  independent  of 
the  outgrowth  of  the  body  called  the  arm,  and  only  secondarily 
becomes  applied  to  it.  At  the  base  of  the  end-tentacle  there  is  a 
thick  cushion  of  nervous  matter  in  which  are  excavated  a  number 
of  ectodermal  pits  lined  by  cells  containing  oi-ange  pigment.  These 
pits  are  organs  of  vision :  and  it  has  been  experimentally  shown 
that  a  star-fish  deprived  of  these  organs  is  insensible  to  light. 

The  central  nervous  system  consists  of  five  thick  bands  of 
nervous  skin  running  along  the  bottom  of  the  ambulaci-al  groove 
underneath  the  radial  water-tubes  (Fig.  i;(4).  They  are  termed  the 
radial  nerve- cords,  and  are  joined  by  a  circular  band  of  a  similar 
nature,  called  the  nerve-ring,  lying  under  the  water- vascular  ring. 
Bands  of  nervous  matter  run  out  along  the  side  of  each  tube-foot 
to  the  tip.  It  is  a  frequent  occurrence  in  animals  of  low  organi- 
sation to  find  the  central  nervous  system  taking  the  form  of  bands 
connecting  sense-organs.  Everything  suggests  that  its  great  func- 
tion is  the  co-ordination  of  stimuli.  Intervening  between  the  radial 
nerve-cord  and  the  radial  water-tube  there  are  two  canaJa  lined  by 
flattened  cells  and  separated  from  one  another  by  an  imperfect 
septum  (14,  Fig.  I.'i4).  They  are  called  the  radial  perihaemal 
canals  and  are  outgrowths  from  the  coelom.  From  their  upper 
walls  are  derived  the  muscles  which  move  the  ambulacra!  ossicles  on 
one  another ;  from  their  lower  walls  a  layer  of  ganglion  cells  and 
nerve-fibres,  which  may  be  termed  the  coelomic  nervous  system 
in  order  to  distinguish  them  from  the  main  mass  of  ganglion  cells 
and  fibres  which  are  derived  from  the  ectoderm.  This  coelomic 
nervous  system,  which  is  very  thin  in  the  star-fish,  seems  to  serve  as 
the  channel  by  which  stimuli  from  the  radial  nerve-cord  reach  the 
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ainbulacral  muscles.  The  five  pairs  of  radial  perihaemal  canals  are 
connected  with  one  another  by  a  circular  canal  lying  above  the 
nerve-Ting  called  the  outer  perihaemal  ring.  Inside  this  is 
another  circular  canal  called  the  inner  i>eriliaemal  ring,  which  is  an 
expansion  of  the  foot  of  the  axial  sinus  (see  p.  247). 

The  upper  or  aboral  surface  of  the  star-fish  is  provided  with  two 

most  interestioe  eroups  of  organs,  pedicellariae  and 

dermal  branchiae.    The  former  are  minute  pincers, 

composed  of  two  or  rarely  three  blades  moving  on  a  basal  piece. 


Fio.  136.    PediceUariae  from  AiUrlas  glofialit.     From  Cnfinot. 

A.  Crossed  form  X  100.  I.  Ectodenn.  2.  Base  of  left  "jaw."  3.  Muscle 
closing  the  "jawu."  4.  Basal  ossicle,  5.  Muscle  opening  (he 
"jaws."  6.  Fibrous  band  coanecUng  the  basal  ossicle  with  one  of  tba 
rods  of  the  skeleton.            7.   Fibres  of  peduncle. 

B,  Slraiglit  form.  1.  Basal  ossicle.  2.  "Jaws."  3.  AdducWr 
muscle.           i.  Muscle  closing  the  "jaws."            6.  Muscle  opening  tbo 

These  close  when  the  skin  of  the  back  is  irritated ;  their  mun 
purpose  appears  to  be  to  keep  the  surface  of  the  animal  clear  from 
zoophytes  and  other  smalt  encrusting  organisms,  and  possibly  also 
of  removing  any  matter  cast  out  by  the  anus.  They  cover  the 
thickened  bases  of  tlie  blunt  spines  with  which  the  back  is  beset. 
Larger  pedicellariae  are  scattered  in  the  interspaces  between  the 
spines  and  are  distinguished  from  the  smaller  by  the  fact  that  the 
blades  do  not  cross  as  is  the  case  with  these.  The  larger  kind 
are  also  found  on  the  adambulacral  spines. 

The  pedicellariae  are  probably  little  spines  of  the  second  order. 
In  the  small  blunt-aimcd  star-fish,  Asterina  gibbosa,  there  are  no 
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trne  pedicellariae,  but  the  plates  on  the  back  bear  small  spinea 
arranged  in  twos  or  threes,  which  act  when  the  skin  is  irritated 
somewhat  like  pedicellariae. 

The  dermal  branchiae  (5,  Fig.  134)  are  conspicuous  in  a 
star-fish  when  alive;  they  are  very  difBcnlt,  on  the 
other  hand,  to  detect  in  preserved  specimens.  They 
are  in  fact  thin  spots  on  the  body-wall,  where  it  consists  only  of 
the  ectoderm  and  the  wall  of  the  coelom  —  closely  apposed,  the 
jelly,  fibres,  and  skeletal  rods  being  absent.  These  spots  project 
like  little  finger-shaped  processes,  and  their  purpose  is  to  facilitate 
respiration.  The  fluid  in  tbe  coelom  or  body  cavity  being  separated 
from  the  external  water  by  a  very  thin  membrane,  the  dissolved 
oxygen  is  able  to  pass  from  the  one  fluid  to  the  other  with  great 
ease. 

There  ia  no  localised  excretory  organ  in  the  star-fish  or  indeed 
in  any  Echinoderm.  Throughout  the  phylum  so  far  as  is  known 
this  function  is  performed  by  the  amoebocytes  which  float  in  the 
coelomic  fluid  and  have  been  produced  by  tbe  budding  of  the  cells 
forming  the  wall  of  the  coelom.  When  charged  with  excreta  the 
amoebocytes  endeavour  to  make  their  way  out.  This  in  the  star-fish 
they  efi'ect  by  accumulating  at  the  base  of  the  dermal  branchiae 
and  working  their  way  through  the  thin  body-wall  ivnd  so  escaping 
into  the  ocean. 

The  oi^ans  of  sex  in  the  star-fish  are  very  simple.  Both  kinds 
ReptBductiva  of  germ  cell  are  aggregated  in  great  feather-shaped 
orgui.  glands  situated  in  pairs  in  the  bases  of  the  arms  and 

opening  in  the  angles  between  the  arras  or  in  the  interradii.  The 
ten  ovaries  in  the  female  and  ten  testes  in  the  male  are  connected 
by  a  circular  cord  of  immature  germ  cells  called  tbe  genital 
lachis  running  round  the  disc  just  dorsal  to  the  coelom.  The 
rachis  is  in  turn  connected  with  a  pillar  of  similar  cells  running 
alongside  the  stone-canal  which  used  to  be  termed  the  heart,  under 
a  mistaken  idea  of  itsfunction,  but  which  we  shall  term  the  genital 
stolon.  The  genital  rachis  is  formed  as  an  outgrowth  from  the 
genital  stolon,  and  the  latter  is  an  outgrowth  from  the  coelomic 
wall,  so  that  the  genital  cells  are  derived  from  the  coelomic  cells  as 
in  other  Coelomata.  The  genital  stolon  is  interposed  between  the 
general  coelomic  cavity  of  the  animal  and  a  special  division  of  the 
same  which  is  called  the  axial  sinus,  and  which  runs  parallel  to 
the  stone-canal.  The  axial  sinus  is  derived  in  development  from 
the  anterior  portion  of  the  coelom  in  the  larva.     Underneath  the 


^aovGoOt^lc 


248  ECHINODEtlMATA  [CHAP. 

madreporite  there  is  Still  another  division  of  the  coelom  completely 
shut  off  from  the  rest,  which  may  be  termed  the  madreporic 
vesicle.  It  apparently  represeuls  a  rudimentary  second  water- 
vascular  system,  since  in  exceptional  cases  it  may  develoije  the 
rudiments  of  radial  canals.  The  genital  stolon  projects  into  the 
axial  sinus ;  it  has  a  brown  colour  which  no  doubt  suggested  the 
connection  with  tlie  blood-system  to  the  earlier  anatomists,  but  true 
blood-vessels  do  not  exist  in  Echinodermata.  The  ova  and  sperma- 
tozoa are  thrown  out  into  the  water  by  pores  situated  on  tlie  under 
or  oral  surface  at  the  base  of  the  arms,  and  unite  with  each  other 
there.  The  young  lead  a  free-swimming  existence,  and  are  so 
unlike  the  star-tish  that  no  one  would  ever  dream  of  suspecting  that 
the  two  had  anything  to  do  with  each  other.  As  however  these 
peculiarities  are  fundamentally  the  same  in  each  of  the  gi'oiips  of 
the  Echinoderms,  they  will  be  dealt  with  later  when  the  characters 
of  these  other  groups  have  been  studied. 

The  other  species  of  star-fish,  which  are  all  grouped  together  in 
the  ('lass  Asteroidea  ((ir.  A<tt^p,  a  star,  <I8oj,  shape),  differ  but  little 
in  really  fundamental  points  from  AMerias  riibens.  Pedicellariae 
may,  as  we  have  seen,  be  absent;  the  arms  may  be  short  so  that  the 
shape  almost  becomes  that  of  a  pentt^on  and  the  arrangement  of 
the  plates  and  spines  constituting  tlie  skeleton  may  vary  very  uuich. 
In  one  family,  the  Astropectiiiidae,  there  is  no  anus,  the  rectum 
ending  blindly,  and  the  tube-feet  have  pointed  ends.  These  star- 
fish do  not  climb,  but  run  over  the  sui'face  of  the  sand. 

The  number  of  arms  is  most  often  five,  but  not  only  do  indi- 
vidual variations  from  this  rule  occur  in  species  where  five  is  the 
normal  number,  but  species,  and  even  genera  and  families,  are 
characterised  by  having  a  larger  number:  the  common  Sun-star, 
Solaster  papposa,  for  instance,  has  from  eleven  to  thirteen  arms. 

Class  II.     Ophiuroidea 

The  next  order  of  Echinoderms  is  termed  the  Ophiuroidea  (Gr. 
oi^«,  a  serpent,  tlSos,  shape),  or  the  Brittle-stars.  These  like  the 
star-fish  have  a  body  with  five  arms  diverging  from  a  central  disc 
on  all  sides  like  the  conventional  representation  of  a  star.  The 
arms  are,  however,  sharply  marlted  off  from  the  central  disc,  and 
they  do  not,  as  in  the  true  star-fish,  insensibly  merge  into  it,  but 
are  continued  along  grooves  on  the  under  surface  to  the  immediate 
neighbourhood  of  the  mouth :  further,  they  are  exceedingly  long 
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aod  flexible  and  totally  unlike  the  stiff  arms  of  AaUrias  or  its 
allies. 

The  habits  of  the  animal  too  are  very  different  from  those  of  the 
star-iish.  Instead  of  creeping  slowly  along  by  the  action  of  the 
tube-feet  it  springs  along  by  muscular  jerks  of  the  arms,  sometimes 


<  about  2}. 

pushing  with  four  arms  and  seizing  hold  in  front  with  one,  sometimes 
pushing  with  three  and  hauling  itself  on  with  two.  The  name 
Brittle-star  is  derived  from  the  readiness  with  which,  if  irritated, 
the  animal  will  snap  off  an  arm. 

As  might  naturally  be  expected,  the  must  striking  differences 
from  the  star-fish  ai'e  shown  in  the  arms.    No  ambulacral  groove  is 


^aovGoOt^lc 


260  ECHtNODEBMATA  [CHAP. 

appareot :  the  arm  being  encased  in  a  cuirass  consisting  of  four  series 
of  plates,  an  upper  row,  two  lateral  rows  each  bearing  a  row  of  spines 
on  its  edge,  and  an  under  row  (Fig.  137).  On  close  inspection  the 
short  pointed  tube-feet  may  be  seen  protruding  from  minute  pores 
at  the  sides  of  the  under  row  of  plates.  A  thin  section  of  the  arm 
reveals  the  fact  that  there  really  is  a  space  corresponding  to  the 
arabulacral  groove  of  the  star-fish,  but  that  by  the  approximation  of 
its  edges  it  has  become  closed  off  from  the  outer  world  ao  that  it 
forms  a  canal,  the  so-called  epineural  canal  (4,  Fig.  137).  Above 
this  canal,  at  the  spot  one  would  term  the  apex  of  the  ambulacral 


Fio.  13T.  Section  through  an  arm  of  &n  Ophiuroid.  Diagrammatic,  magnified. 
1.   Badlal  nerre-cord.        2.   Radial  perihaeual  canal.        3.   Radial  water- 

va«cular  canal.         4.  Epineural  can&l.       5.   Ventral  plate.       6.  Tubf- 

foot.  T.  Pedal  ganglion.  8.  Lateral  plate.  9.  Spine. 

10.  Dorsal  plate.  11.  Coelom.  12.  Longitudinal  muscte. 

13.   Vertebra.  14.  Soft  tissue  supporting  plates. 

groove  in  a  star-fish,  there  is  a  ridge  of  nervous  matter  covered  on 
the  lower  side  by  cells  exactly  resembling  the  skin  cells  covering 
the  nerve  ridges  in  Asterias.  This  is  the  radial  nerve,  and  above 
this  again  is  a  large  rounded  disc  of  calcareous  matter,  the  so-called 
vertebra.  This  really  corresponds  to  a  pair  of  ambulacral  plates 
which  have  become  fused  together.  So  much  might  be  inferred 
from  the  fact  that  the  radial  water-tube  runs  in  a  groove  on  its 
under  surface,  and  it  is  clearly  proved  by  examining  young  speci- 
mens. Each  vertebra  is  very  short,  and  it  not  only  has  rounded 
knolia  and  cups  in  order  to  enable  it  to  slide  on  its  successor  and 
predecessor,  but  is  connected  to  each  of  them  by  four  great  muscles. 
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by  the  contraction  of  which  the  arm  is  moTed  in  any  direction 
(Fig.  137).  If  the  two  side  muscles  contract  the  arm  is  moved 
toward  that  side,  if  the  two  upper,  npwards,  and  so  on.  These 
muscles  are  the  seat  of  the  chief  activities  of  the  animal,  and  it  is 
not  surprising  to  find  that  a  pair  of  large  nerves  comes  off  between 
each  two  vei-tebrae  to  supply  them,  and  that  where  these  nerves 
are  given  off  the  nerve-cord  is  thickened  and  the  nerve-cells 
increased,  so  that  a  string  of  ganglia  is  produced  strongly  recalling 
the  ventral  nerve-cord  of  the  Earthworm.  Between  the  vertebrae 
and  the  radial  nerve-cord  there  is  a  single  canal  (2,  Fig.  137),  repre- 
senting the  pair  of  radial  perihaemal  canaU  in  a  similar  position  in 


Fio.  1-38.  A'diagTBmmatJc  vertical  flection  of  an  Ophiurold.  After  LudwlK. 
The  circumoral  synMnis  of  organs  are  seen  lo  the  left,  cnt  across,  their 
radial  prolongationa  cut  longiludinally,  to  the  right. 

1.    Body-wall.  2,   Moutli.  3.   Coelom.  3'.    Coelom  of  the  arm. 

4.  Mouth  papillae.  5.  Toms  angularia.  6.  Oral  plat«.  7'.  1st  am- 
bulncitil  ossicle.  7',  7',  7*.  2nd  to  1th  atnbulacral  ossicle,  or  verlebrae, 
8',  8',  8".     1st  to  3rd  ventral  plate.  B.    1st  oral  foot.  10.   Trans- 

verae  mascle  of  the  2nd  joint.  10'.   External  interradial  mwtcle. 

109.  Internal  Iniemklial  muscle.  (The  line  should  point  to  the  dotted 
tissue.)  II.    Waler-vaBoular  sjatem  ;  to  the  left  the  circumoral  ring, 

to  the  right  the  radial  vessel.  \2.  Polinu  vesicle.  13.  Nerve-ring  and 
radM  nerve.        14.  Genital  rachis.     15.   Radial  perihaemal  canal. 

Asteriodea.  From  the  ventral  wall  of  the  canal  the  coelomio 
nervous  system  is  formed ;  and  it  is  by  the  greater  development  of 
this  system  where  the  nerves  to  the  ainbulacral  muscles  ai'C  given 
off  that  the  ganglionic  swellings  of  the  nerve-cord  are  produced. 
The  vertebrae  and  these  muscles  nearly  completely  fill  the  arm, 
leaving  only  a  small  canal  above  the  vertebrae  (11,  Fig.  137):  this 
is  an  outgrowth  of  the  body  cavity  or  coelom,  but  there  is  no 
branch  of  the  alimentary  canal  continued  into  it,  as  was  the  case 
with  the  star-fish. 

The  digestive  sac  is  here  a  simple  flattened  bag  lined  by  cells 
somewhat  like  those  lining  the  pyloric  sac  of  the  star-fish.     There 
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is  no  anus,  and  the  edges  of  the  stomach  cannot  be  pushed  out. 
How  then,  it  may  be  aaked,  does  the  Brittle-star  eat,  and  of  what 
does  its  food  consist  ? 

It  must  be  confessed,  that  in  spite  of  its  quick  movenients  and 
highly  developed  nervous  system,  the  Brittle-star  belongs  to  the 
great  army  of  mud-eaters  and  scavengers.  Where  they  live  — 
usually  at  the  bottom  of  sea  pools  and  at  such  depths  of  the  ocean 
as  to  be  in  still  water  —  the  mud  or  sand  is  impregnated  with 
decaying  animal  and  vegetable  matter,  and  the  Brittle-stars  shovel 
this  material  into  their  mouths  by  means  of  the  two  pairs  of  tube- 
feet  of  each  arm  which  lie  nearest  the  mouth  and  are  called  the 


Fio. : 

oral  tube-feet.  The  iuterradii  between  the  arms  project  inwards 
over  the  mouth,  as  the  mouth-augles ;  these  are  lined  along  their 
edges  and  at  their  tips  with  broad  blunt  spines  called  teeth  and 
mouth  papillae,  so  that  they  form  an  efficient  strainer  and  prevent 
coarse  particles  entering  the  stomach  (Figs.  138  and  139),  The 
calcareous  plate  at  the  apex  of  each  mouth-angle  which  bears  these 
spines  is  called  the  Torus  angularis  (5,  Fig.  138). 

We   saw  that  in   the  star-fish  the  whole   surface  is  covered 
with  a  sensitive  skin,  but  that  the  tube-feet  act  as  sense-organs 
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aa  well  as  being  locomotor  in  function.  In  the  Brittle-statB  the 
sole  purpose  of  the  tube-feet  is  to  serve  as  sense-organs ;  they  are 
ofteu  covered  with  little  warts  consisting  mainly  of  sense-cells  with 
their  delicate  hairs  sticking  out  all  round,  just  like  the  batteries  of 
cnidoblasts  in  Hydra,  and  in  all  cases  there  is  a  special  nervous 
swelling  surrounding  the  base  of  each  tube-foot  called  the  pedal 
ganglion  (7,  Fig.  137).  As,  however,  these  tube-feet  have  lost  their 
power  of  attaching  themselves  by  a  sucking  action  to  objects  and 
hence  are  of  no  use  for  locomotion,  the  ampullae  have  disappeared ; 
and  as  the  action  of  the  ampullae  is  probably  the  chief  cause  of  the 
loss  of  fluid  in  the  tube-feet  of  the  star-fish,  in  the  Brittle-star,  where 
the  loss  must  be  very  small,  the  stone-canal  is  excessively  narrow 
and  the  madreporite,  instead  of  being  a  regular  sieve,  has  two  pores 
only,  rarely  more.  It  is  very  curious  to  find  that  the  madreporite 
is  on  the  under  side  of  the  animal;  in  the  young  Brittle-star  it  is 
on  the  edge  of  the  disc,  but  in  each  interradius  the  upper  surface 
grows  more  rapidly  than  the  ventral,  and  so  it  is  forced  round  on  to 
the  under  side.  To  the  water- vascular  ring  are  attached  four  large 
Folian  vesicles,  the  interradius  occupied  by  the  stone-canal  alone 
being  without  one.  The  tube-feet  are  the  only  sense-organs,  in  a 
sense  still  more  real  than  is  the  case  with  star-fish,  for  in  the 
Ophiuroids  the  rest  of  the  ectoderm,  after  having  given  rise  to  a 
cuticle,  has  disappeared,  the  solid  mail  of  plates  which  the  animal 
possesses  appears  to  render  it  impervious  to  sensations  of  contact. 

The  organs  of  sex  are  very  simple ;  they  are  situated  in  the  disc 
in  the  interradii  and  consist,  in  each  interradius,  of  several  short 
pouches.  These  open  into  ten  sacs,  called  the  genital  bursae ;  one 
pair  being  placed  in  each  interradius.  These  sacs  are  merely  in- 
vaginations of  the  ectoderm  which  does  not  here  disappear  as  over 
the  rest  of  the  body ;  they  are  lined  by  ciliated  cells,  which  keep  up 
a  constant  current  of  fresh  water  pouring  into  them,  and  thns  they 
fulfil  the  same  function  as  the  "  dermal  branchiae  "  of  star-fish. 

Class  III.      ECHINOIDEA 

The  general  appearance  of  the  dried  skeleton  of  a  Sea-urchin,  or 
Echinoid,  is  familiar  to  most  people,  but  many  would  fail  to  recognise 
any  resemblance  to  a  star-fish  in  the  slightly  flattened  sphere, 
covered  with  spines.  If,  however,  we  are  fortunate  enough  to  see 
one  living,  we  at  once  perceive  that  along  five  meridians  the  sphere 
is  beset  with  beautiful  semi-transparent  tube-feet,  ending  in  suckers, 
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exactly  like  those  of  the  star-fiah.  In  fact,  the  Sea-urchin  might  be 
described  as  a  star-6sh  in  which  the  upper  surface  had  shrunk  to 
insignificant  proportions,  being  represented  by  a.  small  patch  of 
leathery  skin  at  the  upper  pole:  or,  if  we  regard  the  whole  radial 
tube  with  its  tube-feet  as  an  immense  branched  tentacle,  and  the 
arm  as  its  support,  we  should  say  that  the  arm  had  been  again 


Fio.  140.    &)nng\lloeentrwtdrobni\hiensis.   Front  Agassis  x  1.    Aboral  surface. 
1.  Expanded  tube-feet.  'i.  Spines. 

merged  in  the  body,  so  that  the  radial  tube  was  bent  back  in  a 
curved  course.  As  a  matter  of  fact,  the  end  of  the  radial  tube 
projects  very  slightly  beyond  the  general  surface  and  bears  at  its  tip, 
as  is  the  case  in  the  star-fish,  a  rudimentary  eye,  which  is  situated 
near  the  upper  end  of  the  body,  just  outside  the  small  area  of 
leathery  skin  mentioned  above. 

The  skeleton  of  the  Sesrurchin  is  a  cuirass  of  plates,  fitting  edge 
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to  edge,  with  two  openings.  Of  these  the  upper  (already  referred  to) 
is  covered  with  leathery  akin  and  has  the  small  anus  in  the  centre 
of  it  and  is  called  the  periproct  (Fig.  147);  it  is  this  area  which 
corresponds  to  the  whole  back  of  the  star-fish.  The  other  opening 
is  in  the  centre  of  the  lower  surface  and  is  likewise  covered  by 
flexible  akin ;  it  surrounds  the  mouth  and  is  called  the  peristome 
(Fig.  146). 


Fio.  141.     Aboral  view  of  the  dried  shell  of  Echinia  etcuUntus  x  1.      The 

spines,  pedicel lariae,  and  tube-feet  have  been  removed. 
1.  Anua.         2.  Leathery  skin  around  anuB,  periproct.        3.  Madreporic  plate. 

i.   Genital    plate   with    genital    pore,  5.    Ocular    plate    with   eye. 

6.   Line  of  junction  of  ambulacral  acd  interambulacral  plates,     7.  Ambu- 

lacnira.  8.    Pores   through  which    lube-feet   protrude.  9.   BosBes 

nhich  bear  the  spines. 

The  cuirass  itself  is  called  the  corona  and  consists  of  twenty 
strips,  each  made  up  of  a  row  of  plates.  Corresponding  to  each 
tube-foot  area  or  radius  there  are  two  rows  of  ao-called  a  m  bu  1  a  cr  a  1 
plates,  and  each  intervening  area  or  interradius  is  similarly  covered 
by  two  rows  of  large  plates.  As  in  Ophiuroids,  there  is  no  ambulacral 
groove  visible  from  the  outside:  it  is  represented  by  thee  p  incur  al 
canal,  immediately  inside  which  there  is  the  radial  nerve-cord. 
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It  is  necessary  to  bear  this  inmind  when  the  phrase  ambulacral 
plate  is  used;  the ainbiLlacr;il  plates  of  an  Urchin  do  not,  as  in  the 
star-fish,  roof  in  the  ambulacral  groove,  but  form  a  floor  for  it. 
Inside  the  nerve-cord  there  is  a  single  radial  periliaemal  canal  as  in 
the  Brittle-star  (2  Fig.  145  b).  As  the  plates  of  the  skeleton  are 
not  moveable  on  one  another  nothing  corresponding  to  the  ambu- 
lacral muscles  of  the  star-fish  exist  at  least  over  most  of  the  radius, 
and  the  radial  perihaemal  canal  is  separated  from  the  general 
coelom  only  by  a  thin  septum  in  which  the  radial  water-tube  is 
embedded.  For  the  same  I'eason  there  is  no  recognisable  coelomic 
nervous  system. 

If  the  continuous  cuirass  of  the  Sea-urchiu  and  the  closed 
ambulacial  groove  remind  one  of  an 
Ophiuroid,  the  resemblance  ends  there; 
for  in  the  Urchin  the  ectoderm,  consist- 
ing of  long  slender  cells  with  a  tangle  of 
nerve-fibres  at  the  base,  is  spread  over 
the  whole  surface  outside  the  skeleton, 
just  as  in  a  star-fish.  This  sensitive 
layer  controls,  it  is  found,  the  move- 
ments of  the  spines,  which  are  among  the 
most  important  organs  of  the  Urchin. 
These  spines,  unlike  the  spines  of  the 
star-fish  or  Brittle-star,  have  hollow 
bases,  which  articulate  with  smooth 
rounded  bosses  on  the  plates  (B,  Fig. 
145).  They  are  tied  to  these  bosses  by  a 
sheath  of  muscle-fibres,  so  that  by  the 
special  contraction  of  any  side  of  the 
sheath  they  can  be  moved  in  any  direc- 
tion. The  skin  covering  the  sheath  has 
developed  a  specially  thick  nervous  layer. 
Sea-urchins,  such  as  we  have  been 
describing,  live  on  stony  or  rocky 
ground,  over  which  they  slowly  creep 
by  means  of  their  tube-feet.  The 
spines  arc  pressed  against  the  ground  and  keep  the  animal  from 
rolling  over  under  the  pull  of  the  tube-feet  and  also  help  to 
push  it  on.  The  spines  are  usually  of  two  distinct  sizes,  longer 
or  primary  spines,  and  shorter  or  secondary  spines.  The  forest 
of  spines  has  a  kind  of  undergrowth  of  pedicellariae.    These  are 


Fig.  142.     A  glandaltir  or 
genimifarm   Pedicellaria 

from  E.  e$culentn»  x  18. 
From  Cbadwick. 


^aovGoOt^lc 


IX.]  ARISTOTLE'S   LANTERN  257 

of  several  kinds,  and  are  much  more  highly  finished  organs  than 
those  of  Asteiiaa ;  they  have  a  long  stalk,  which  is  partly  stiffened 


&  10  II 

Fio.  143.    AristoUe'8  Lantern  of  E.  eKidentu*  x  2.     Partly  from  Chadwick. 

1.   Upper  end  of  tooth  enveloped  in  taniern  membrane.  2.    Radius. 

3.  TranBverae  muscle  of  radii,  elevator.  4.  Depressor  muscles  of  radius. 
5.  Jaw.  0.  Retractor  muscles  of  the  jaws.  T.  Protractor  of  jaws. 
8.   Auricula.         9.   Ampullae  of  tube-feet.  10.   Interarabulactal  plate. 

II,  Tooth.  12.  Circular  water-vascular  vessel.  13.  Epiphysis.  14.  Po- 
lian  veaiclea.  15,  Oesophagus,  10,  Ventral  "  blood  "-veBsal,  17.  Geni- 
tal stolon,      18,    Stone-caiinl.      W.   Kectum.      20.    Madreporic  plate. 

by  a  delicate  calcareous  rod,  and  the  jaws  are  three  in  number.    One 

D.qit.zeaOvGoOt^lc 


258  ECHINODERMATA  [CHAP. 

kind  have  abort  stumpy  jaws,  each  with  a  poison  bag  at  its  base  and 
a  stiff  stalk ;  these  are  doubtless  weapons  of  defence  and  enable  the 
Urchin  to  give  any  unwelcome  visitor  which  might  come  too  close  a 

waira  reception.  Such  pedicellariae  are  called  gemm  if  or  ra{Fig.l42). 
Another  kind,  termed  tridactyle,  have  long  jaws,  and  a  flexible 
stalk.  It  was  supposed  that  these  helped  the  animal  to  climb  by 
seizing  hold  of  waving  fronds  of  seaweed  till  the  tube-feet  could 
get  a  hold,  but  this  is  proved  not  to  be  the  case.     All  we  positively 


1.  Mouth.       2.   Intestine  cut  short.         3.  Siphon.       4.  Rectum.       &■   Anus. 
6.  Ventral  "  blood  "-vessel  on  intestine.  7.  Dorsal  "blood "-vessel 

on  int«stine.  S.  Stone-canal.  9.  Madreporic  plate.  10.  Genital 
rachlB.  11.  Water- vascular  ring.  12.  Nerve-ring.  13.  Tube-foot 
vith  ampulla.  14.  Radial  nerve,  15.  Radial  water-vessel.  16.  Polian 
vesicle.  IT.   Muscles ;  those  on  the  left  pull  Aristotle's  lantern  out- 

wards, those  on  the  right  retract  it.         18..  Ocular-plate. 

know  is,  that  they  have  been  seen  catching  hold  of  particles  ejected 
by  the  vent  and  passing  them  on,  from  one  to  the  other,  so  that 
they  do  not  rest  on  the  skin.  It  has  been  shown  that  a  gentle 
movement  in  the  water  excites  the  tridactyle  pedicellariae,  and  a 
stronger  movement  calls  the  gemmiform  into  activity. 

The  Urchin  is  provided  with  five  white  chisel-like  teeth,  eacli 
of  which  slides  on  a  pair  of  grooved  pieces  called  alveoli,  meeting 
in  a  point  below.  Each  pair  of  alveoli  meet  in  a  point  where  they 
clasp  the  tooth.     Above  they  are  united  by  two  pieces  called 
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epiphyses  (13,  Fig.  143)  wMcli  meet  in  an  arch.  A  pair  of 
alveoli  with  their  epiphyses  are  often  spoken  of  aa  a  jaw,  and 
adjacent  jaws  are  joined  by  stout,  inwardly  projecting  rods  called 
rotulae.  The  whole  apparatus  of  five  jaws  has  received  the  name 
of  'Aristotle's  lantern.'  This  can  be  pushed  out  or  pulled  in 
by  muscles  attached  to  arches,  called  auriculae,  rising  from  the 
inner  side  of  the  skeleton  (Fig.  143).  Through  the  auriculae  the 
radial  water-tube  and  nerve  pass,  and  they  thus  correspond  in 
position  to  the  ambulacral  plates  of  star-fish. 

The  food  of  the  Urchin  ordinarily  consists  of  seaweed,  which  it 
gnaws  with  its  teeth.  No  doubt  the  little  worms  and  molluscs 
always  found  in  abundance  on  the  surface  of  the  weed  add  a  flavour 
to  the  repast.  The  alimentary  canal  is  exceedingly  unlike  those  of  the 
Echinoderms  so  far  studied.  The  gullet  ascepds  vertically  between 
the  teeth  and  passes  into  the  intestinal  tube  which  runs  in  a  spiral 
right  round  the  body  and  then  turns  sharply  back  and  describes 
one  turn  of  a  spiral  in  the  opposite  direction^  after  which  it 
bends  inwards  and  runs  straight  up  to  the  anus  (Fig.  146).  For  the 
first  part  of  its  course  a  small  tube,  the  so-called  siphon,  runs 
pai-allel  to  it,  opening  into  it  at  both  ends. 

The  water- vascular  ring  is  situated  above  the  masticatory  ap- 
paratus, and  is  thus  widely  separated  from  the  nerve-ring,  which  is 
situated  below  it :  the  radial  tubes,  in  consequence,  run  downwards 
along  the  "  lantern  "  before  bending  outwards  under  the  auriculae 
(see  Fig.  144).  The  water-vascular  ring  bears  small  pouches  termed 
Pol i an  vesicles ;  which  seem,  however,  to  correspond  to  Tiedemann's 
bodies  in  an  Asteroid.  The  first  pair  of  tube-feet  in  each  radius  are 
difEerent  to  the  rest,  in  that  they  are  short  and  not  capable  of  ex- 
tension, and  that  their  discs  are  ova!.  These  tube-feet  protrude 
through  the  peristome  and  are  called  the  buccal  tube-feet;  they 
function  as  tasting  organs,  and  are  thrown  into  violent  excitement 
if  a  piece  of  eatable  matter  is  put  near  them  (Fig.  147). 

In  describing  the  Asteroidea  it  was  mentioned  that  the  genital 
stolon  or  "  dorsal  organ  "  had  been  mistaken  by  former  authors  for  a 
heart :  and  that  true  blood-vessels  were  unknown  amongst  Eehino- 
dermata.  If  by  blood-vessel  is  meant  a  tub^  with  well-defined  walls 
in  which  there  is  a  definite  circulation  of  fluid  this  is  strictly  true. 

It  must  be  remembered,  as  was  pointed  out  in  the  chapter  on 
Arthropoda,  that  blood-vessels  and  connective  tissue  have  both  been 
derived  from  the  same  rudiment,  which  may  be  compared  to  the  jelly 
of  Coelenterata.   Now  Echinodermata  really  represent  a  stage  before 
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Fin,  14ri.     SecUon«  thrnuRh  parU  of  Efkinua  escuUntui. 
,    A  M>ftili>ti  ni  rlKlit  AiiftleR  Lo  Clic  plane  of  tlie  tnadreporlo  plate.      From 
Cliiiilwli'.k  X  1(1,  1.   Mmlreporic  plaie.  2.  I'ores  in  the  same. 

II.  Mndri'tKirlo  viwlde,  4.  Ampulla  of  inadreporlc  plate  or  dilatation  of 
Hlnnn-cniml  InUi  which  the  porea  open.  5.  Madreporic  tube.  6.  Geni- 
tal Httilon.  7.  Axial  simis. 
A  sertlon  at  rlfflil  aiiBlpa  tn  an  anibulncrnl  area.  1.  Radial  nerve-cord. 
'i.  Itftdlal  iHTlliHemnl  CHiial.  .1.  Itadial  water-canal.  4.  EpincuntI 
csnal.  fi.  Ainpiillft.  0.  CavHy  of  lulie-fooL  7.  Ambulacral  plate. 
H,  KiHU  forarlli'iilatlon  of  Hpine.  0.  Spine.  10.  Muscles  which  move 
ilii<  Hpliit'.        11.   Kctoderm. 
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the  evolution  of  either  blood-vessels  or  proper  connective  tissue. 
Apart  from  the  plates  of  the  skeleton  the  substance  of  the  body-wall 
has  little  more  consistence  than  the  jelly  of  an  Aurelia,  and  readily 
degenerates  into  slime.  The  ground  substance  has  remained  so  fluid 
that  it  is  still  traversed  by  amoebocytes  which  carry  excreta  to  the 
exterior.  In  Echinoidea  along  two  tracts,  one  situated  on  the  same 
side  of  the  oesophagus  as  the  stone-canal  and  the  other  on  the  oppo- 
site side,  the  jelly  intervening  between  the  inner  wall  of  the  coelom 
and  the  oesophagus  has  undergone  the  first  stage  in  the  change  to 


Fia.  1*0.    View  of  Sea-urchin,  with  part  of  the  shell  removed  to  show  the 

course  of  the  alimentary  cnnal.     From  Leuckart,  after  Cuvier. 
1.  Mouth  sarrounded  bj  tive  teeth  (displaced).  2.  Lantern  of  Arlatotle. 

3.   Oesophagus,  coiled  inteatjne,  and  rectum.         4.   Ovaries  with  oviducts. 

5.   The  siphon,       8.    "  Blood-ring."       7,    Fold  of  peritoneum  supporting 

genital  rachis.    6.   "  Blood-vessel "  accompanying  intestine.    9.   Ampullae 

at  base  of  tube-feet. 

a  blood-vessel.  The  fibres  are  scantily  developed  and  the  amoebo- 
cytes are  present  in  immense  numbers,  whilst  the  ground  substance 
has  become  more  fluid  and  probably  contains  proteids  since  it 
stains  with  carmine,  like  protoplasm.  These  tracts  are  termed  dorsal 
and  ventral  "blood  "-vessels.  The  dorsal  vessel  being  on  the  side 
next  the  stone-canal.  These  tracts  have  not  the  form  of  tubes,  but 
are  networks  of  irregular  passages  devoid  of  proper  walls.     These 
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passages  accompany  the  alimentary  canal  throughout  most  of  its 
course  and  it  seems  as  if  the  products  of  digestion  were  accumu- 
lated in  them.  A  so^alled  "blood-ring"  of  similar  character 
surrounds  the  oesoph^us  just  above  the  water-vascular  ring 
and  into  this  the  two  "vessels"  open,  A  similar  ring  has  been 
described  in  Asteroidea  and  Ophiuroidea:  in  some  species  of  the 
former  class  a  tract  of  similar  substance  appears  to  run  down  the 
arm  just  above  the  nerve-cord  in  the  septum  separating  the  two 
perihaemal  canals,  and  the  name  of  these  canals  (Gr.  irtpi,  around; 
alita,  blood)  has  been  suggested  by  this  circumstance. 


Fic.  147.     Oral  Beld  of  Ecltinut  eaeulentua.     Magnified.    From  KUkenthal. 

1.   Ambiitacrum  with  tube-feet  and  spines.  2.   Gill.  3.  Teeth  of 

Aristotle's  lantern.        4.   Buccal  tube-feet.        5.   Soft  membiane  around 

mouth. 

Breathing,  as  one  might  expect,  is  carried  out  wherever  the 
body-wall  is  thin  enough  to  allow  the  oxygen  to  diffuse  through, 
that  is  to  say  by  the  tube-feet  and  by  the  peristomal  membrane. 
The  tube-feet,  as  in  the  star-fisb,  are  provided  with  large  ampullae 
which  project  freely  into  the  great  spacious  body  cavity.     Oxygen 
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thus  taken  into  the  fluid  filling  the  tube-feet  can  be  passed  into  the 
ix>dy  cavity  through  the  ampullae,  and  there  is  a  curioua  arrange- 
ment to  facilitate  thia.  Where  the  tube-foot  passes  through  the 
skeleton  it  is  split  into  two  parallel  tubes  which  reunite  below 
(B,  Fig,  145) :  so  that  on  the  dried  shell  we  see  on  the  ambulacral 
plate  several  pairs  of  pores,  each  pair  corresponding  to  a  single 
tube-foot.  As  the  cells  lining  the  inside  of  the  latter  are  ciliated, 
the  splitting  of  the  tube  is  apparently  to  facilitate  the  separation  of 
the  upward  and  downward  currents  of  water. 

The  peristome  has  ten  branched  pouches,  situated  one  pair  in 
each  interradius  and 'projecting  outwards.  These  are  the  gills, 
but  it  is  unreasonable  to  suppose  that  all  the  breathing  is  done  by 
them.  They  communicate  not  with  the  general  body  cavity,  but 
with  a  part  of  it,  called  the  lantern  coelom,  shut  off  from  the 
rest  by  a  septum  stretched  between  the  teeth  and  jaws.  Embedded 
in  the  upper  wall  of  this  are  certain  rods  called  radii,  which  are 
connected  with  each  other  and  the  auriculae  by  muscles,  and  by 
means  of  these  the  upper  wall  of  the  lantern  coelom  can  be  raised 
or  depressed  and  so  the  pressure  inside  is  altered.  When  these 
rods  are  depressed  water  is  driven  out  into  the  gills  and  there 
absorbs  oxygen.  When  they  are  raised  the  water  is  sucked  back 
into  the  lantern  coelom  and  the  oxygen  passes  through  the  thin 
wall  of  the  latter  into  the  general  coelom. 

The  organs  of  sex  are  alike  in  external  appearance  in  both  sexes 
(Fig.  146).  They  have  the  form  of  five  great  bunches  of  tubes 
hanging  down  into  the  body  cavity  and  opening  by  five  small  boles, 
placed  in  plates  called  the  genital  plates,  forming  the  summit  of  the 
interambulacral  series  on  the  corona  and  situated  just  outside  the 
periproct  (Figs.  141  and  148).  In  the  young  Sea-urchin  there  is  a 
genital  rachis  connecting  them  together,  and  throughout  life  there 
is  a  genital  stolon  alongside  the  stone^anal.  The  genital  stolon  is 
relatively  much  larger  in  Echinoidea  than  in  Asteroidea,  and  sur- 
rounds the  axial  sinus  in  the  lower  part  of  its  course,  so  that  this 
space  appears  like  a  cavity  excavated  in  the  stolon.  Hence  by  one 
author  the  axial  sinus  and  stolon  were  mistakenly  described  as  a 
nephridium  with  glandular  walls,  and  the  madreporic  vesicle,  which 
is  here  much  enlarged  and  extends  parallel  with  the  axial  sinus, 
was  called  by  the  same  author  the  accessory  kidney. 

The  ordinary  Searurchins,  such  as  we  have  described,  live 
chiefly  on  rocky  and  stony  ground :  there  are,  however,  two  distinct 
orders  which  live  in  sand  or  mud  and  have  undergone  singular 
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modificatioDS  in  order  to  fit  them  for  this  kind  of  life.  These  are 
tei-med  the  Irregular  or  Exocyclic  Sea-urchins,  because  whereas  the 
anus  has  become  shifted  from  the  upper  pole  of  the  body  down  one 
side  to  the  edge,  oi  even  to  the  uudet'  surface  of  the  more  or  less 


Fio.  148.    Aboral  syatem  of  pUtes  ot  Hckinus  efcnUntvi.    FromCbadwickx4. 


flattened  body,  the  madreporite  and  genital  plates  still  retain  their 
position.  In  both  orders  the  tube-feet  of  the  upper  part  of  the 
ambulacra,  are  the  main  breathing  organs,  and  are  immensely 
flattened  and  expanded  at  the  base,  and  the  pores  through  which 
they  pass  are  arranged  in  two  couvergiug  curves  on  each  ambulacrum, 
the  figure  produced  being  compared  to  the  petal  of  a  flower,  hence  the 
name  applied  to  them,  viz.  petaloid  ambulacra.  The  family  Clype- 
ASTEBiDAF-  or  Cake-UTchins  represents  one  of  the  orders.  They  live 
at  or  near  the  surface  of  the  sand.  They  still  retain  their  teeth, 
which  are  placed  almost  horizontally,  and  they  use  them  as  spades 
to  shovel  the  aand  into  the  mouth.  There  are  ealcareoiis  pillars 
stretching  from  the  upper  to  the  lower  surface  of  the  shell  or  test, 
apparently  to  enable  them  to  withstand  rough  usage,  since  the 
Clypeasteridae  in  many  cases  live  within  reach  of  the  breakers. 
The  best  known  British  species  is  Echhiocf/amus  pusiUtta,  a  little 
oval  Sea-urchin  about  the  size  of  a  pea,  whence  the  common  name 
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applied  to  it,  viz.  Pea-urchin.  On  the  east  coast  of  North  America 
one  species,  EckinarachniuspaTma,  the  Sand-dollar,  is  very  common ; 
this  is  an  estremely  flattened  Urchin  of  circular  outline,  the  shape 
and  size  of  which  have  suggested  a  comparison  with  the  famous 
silver  dollar  of  the  United  States  currency. 

The  other  order  is  i-epresented  by  the  Heart-nrehins  or  Spatangi- 
DAE.  They  live  buried  at  depths  of  a  few  inches  to  a  foot  beneath  the 
surface  of  the  mud,  and  the  body  is  more  or  leas  oval  or  egg-shaped 
slightly  flattened  underneath.  The  mouth  is  no  longer  in  the  centi-e 
of  the  under-surface  but  is  nearer  one  end,  and  is  usually  crescentic 
and  always  without  any  trace  of  jaws.  These  U  rchins  have  usually 
only  four  of  the  ambulacra  "  petaloid  " ;  the  fifth  has  a  few  long 
tube-feet  with  expanded,  fringed  discs.  In  the  case  of  the  familiar 
British  species  Echhwcardiam  cordatnm  it  is  known  that  the  Urchin 
extends  these  from  its  burrow  right  up  to  the  surface  of  the  sand 
and  collects  with  them  decaying  organic  matter  lying  on  the  surface. 
This  is  pushed  within  reach  of  the  buccal  tube-feet  and  so  gets  into 
the  mouth. 

The  animal  does  not  use  its  tube-feet  to  walk  with,  but  moves 
by  means  of  its  spines,  which  are  provided  with  flattened  tips. 
Besides  these  spines  it  possesses  peculiar  lines  of  very  small  spines 
covei-ed  with  cilia,  which  cause  a  current  to  pass  over  the  gill-like 
tube-feet.     Such  rows  of  ciliated  spines  are  termed  f  ascioles. 


Class    IV.      HOLOTHtlROIDEA 

The  fourth  group  of  the  Echinoderma  is  termed  the  Holothu- 
roidea  or  Sea-cucumbers,  and  consists  of  animals  of  a  more  or  less 
san sage-shaped  form,  with  the  mouth  at  one  end  and  the  large  anus 
at  the  other. 

These  animals  have  undergone  the  same  essential  modification 
as  the  Sea-urchins,  the  arms  having  been  re-absorlied  into  the  body, 
80  that  the  radial  tubes  run  down  the  side  of  the  body  and  end 
near  the  vent.  The  nervous  system  also  is  situated  beneath  the 
surface,  the  ambulacral  groove  being  represented  by  the  epiueural 
canal.  The  skin,  as  in  Echinoidea,  retains  its  well-marked  ecto- 
derm with  nervous  sheath. 

They  are  however  distinguished  by  some  most  marked  character- 
istics :  —  1.  The  skeleton  has  almost  entirely  disappeared,  being 
represented  only  by  grains  and  prickles  of  various  shapes  completely 
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Fia.  149.  View  oi  Holnthuria  tuhulmn  Bomewhat  diminished.  The  animal 
is  opened  along  the  left  dorsal  interradius  and  llie  viscera  are  exposed. 
After  Ludwig. 

1.     TentacleH.  2.   Ampullae  of  tentacles.  3.    Water-vase  alar  rinp. 

4.    Polian  yeslcle.  S.   Stone-canals.  6.    Radial  water-vessel. 

7.    Radial  lonjcitudinal   muscle  partly   cnt  away.  S.    Reproductive 

organ.  9,  Alimentary  canal.  10.  Cloaca,  11.  Respiratory  trees. 
12.   Ventral  blood-vessel.  13.   Dorsal  blood- pleziu.  i  . 
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buried  in  the  skin.  2.  The  muscular  syBtem  of  the  body-wall  is 
most  powerfully  developed :  there  is  a  pair  of  strong  longitudinal 
muscles  running  inside  each  radial  tube,  and  transverse  muscles  run 
across  each  interradius.  3.  The  buccal  tube-feet  are  highly  modi- 
fied and  are  the  means  by  which  the  animal  feeds  itself.  4,  The 
anus  is  wide  and  the  concluding  portion  of  the  intestine  strongly 
muscular,  and  is  used  as  a  breathing  organ ;  water  being  sucked  in 
at  the  anus  and  thrown  out  f^n.  5.  The  stone^anal  does  not 
reach  the  exterior,  but  terminates  in  a  sieve  plate  hanging  down 
into  the  interior  of  the  body. 

The  bi-eathing  by  means  of  the  anus  is  carried  out  by  certain 
organs  called  gill-trees.  These  are  two  great  branched  tree- 
like outgrowths  of  the  hinder  part  of  the  intestine,  reaching  right 
through  the  body  cavity  to  near  the  mouth  (Fig.  149).  Water  is 
taken  in  by  the  anus  and  forced  up  into  the  finest  branches  of  these 
and  no  doubt  diffuses  through  into  the  body  cavity  under  the  press- 
ure set  up  by  the  contraction  of  the  muscles  of  the  anus.  Hence  it 
is  that  the  animal  is  able  to  dispense  with  an  external  madreporite, 
and  also  to  obtain  the  fluid  necessary  to  keep  its  tube-feet  tense  _ 
from  its  own  body  cavity.  From  the  water- vascular  ring  one  or 
more  long-stalked  Polian  vesicles  hang  down  into  the  body 
cavity. 

The  muscular  body-wall  has  a  very  curious  effect  on  the  economy 
of  the  animal.  When  it  is  irritated  it  contracts  the  muscles,  and 
since  the  fluid  in  the  body  cavity  is  practically  incompressible,  the 
eSect  is  to  set  up  a  tremendous  pressure.  As  a  result  of  this  the 
wall  of  the  intestine  near  the  anus  tears,  and  a  portion  or  the  whole 
of  the  intestine  is  pushed  out.  The  gill-trees  are  the  first  to  go,  and 
in  some  species  the  lower  branches  of  these  are  covered  with  a 
substance  which  swells  up  in  sea-water  into  a  mass  of  tough  white 
threads  in  which  the  enemies  of  the  animal  are  entangled,  A 
lobster  has  been  seen  rendered  perfectly  helpless  as  a  consequence 
of  rashly  interfering  with  a  Sea-cucumber.  These  special  branches 
are  termed  Cuvierian  organs. 

A  Holothuroid  is  only  temporarily  inconvenienced  by  the  loss  of 
ito  internal  organs.  After  a  period  of  quiescence  it  is  again  fur- 
nished with  the  intestine  and  its  appendages.  Some  species,  which 
are  able  to  pull  in  the  mouth  end  of  the  body  with  their  tentacles, 
when  strongly  irritated  snap  off  even  this,  and  yet  are  able  to  repair 
the  loss. 

The  intestine  is  a  simple  looped  tube  which  has  three  limbs. 
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One  limb  rims  down  towards  the  anus,  the  next  turns  up  agaia 
towards  the  mouth  and  then  bends  back  into  the  Bnal  limb  which 
goes  towards  the  anus.  These  limbs  are  attached  by  mesenteries 
to  different  interradii  of  the  body,  the  iirst  to  that  which  in  the 
ordinary  position  of  the  animal  is  mid-dorsal,  the  next  to  the  left 
ventral,  and  the  third  to  the  right  ventral  (Fig.  149). 

Accompanying  the  alimentary  canal  are  so-called  dorsal  and 
ventral  "  vessels  "  similar  to  those  of  the  Echinoidea,  and  there  is 
also  a  "blood-ring"  like  that  described  in  the  same  class.  In 
Holothuroidea  the  ventral  vessel  is  close  to  the  alimentary  canal 
but  the  dorsal  vessel  is  borne  on  a  little  ridge  projecting  from  the 
intestine.  The  alimentary  canal  is  ensvathed  by  minor  branches  of 
the  network  of  which  the  dorsal  and  ventral  vessels  form  merely  the 
large  trunks.  The  whole  system  thus  assumes  a  very  complicated 
appearance,  but  even  here  it  has  been  shown  that  there  is  no 
circulation  nor  even  a  proper  wall  to  the  spaces.  The  longitudinal 
vessels  indeed  often  do  not  appear  to  communicate  with  the  blood- 
ring. 

The  buccal  tube-feet  form  a  crown  of  from  ten  to  twenty-five  great 
branched  tentacles,  and  their  different  shapes  are  used  to  classify 
the  various  families  of  the  Sea-cucumbers.  Most  species  feed 
on  sand  or  mud,  but  one  family  can  only  be  described  as  anglers. 
In  them  the  tentacles  are  long  and  delicately  branched  so  that 
they  resemble  pieces  of  sea-weed.  The  animal  stretches  them 
out,  and  they  become  the  resting-place  of  numbers  of  the  minute 
animals  which  swarm  in  sea-water.  A\Tien  one  tentacle  has  got  a 
sufficient  freight  it  is  bent  round  and  pushed  into  the  mouth  which 
is  closed  on  it.  It  is  then  forcibly  drawn  out  through  the  closed 
lips  so  that  all  the  living  cargo  ia  swept  off. 

The  organs  of  sex  are  similar  in  nature  to  those  of  the  Urchins, 
but  are  represented  by  only  one  mass  of  tubes  which  all  unite  in  a 
common  opening  near  the  tentacle  region,  and  it  is  in  this  region 
that  the  stone-canal  opens  in  the  one  or  two  rare  cases  where  it 
still  opens  to  the  exterior.  Hence  it  appears  that  whereas  in  the 
irregular  Sea-urchins  the  geniUl  openings  and  madreporite  have 
remained  fixed  whilst  the  anus  has  been  shifted,  here  the  anus  has 
remained  in  its  original  position  whilst  the  genital  opening  has 
been  shifted  towards  the  mouth. 

The  Holothuroidea  are  divided  into  the  following  five  Orders, 

1.  Elasipoda:  Sea-cucumbers  whose  tentacles  have  shield- 
shaped  ends  drawn  out  into  short  processes,  devoid  of  gill-trees, 
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with  the  tube-feet  of  the  upper  surface  of  the  body  modified 
into  stiff  respiratory  processes.  Live  only  at  great  depths  in  the 
ocean. 

2.  Aspidochirotae :  Sea^Micuinbera  with  shield-shaped  ends  to 
the  tentacles, — these  have  also  large  ampullae  so  that  they  can 
he  individually  retracted.  ^Vith  gill-trees  and  often  Guvierian 
organs. 

3.  Dendrochirotae:  Sea-cucumbers  with  long  delicately-branched 
tentacles  without  ampiillas.  The  whole  front  end  of  the  body  can 
be  pulled  in  by  means  of  s]>ecial  muscles.     Gill-trees  present. 

4.  Molpadidae :  Sea-cdc umbers  with  tentacles  unbranched  or 
with  two  or  four  small  lateral  branches,  and  no  other  tub&-feet. 
Gill -trees  present. 

5.  Synaptidae  :  Sea-cucumbers 
in  which  the  tentacles  have  two 
rows  of  short  branches.  No  tube- 
feet  except  these,  the  radial  canals 
having  also  disappeared.    No  gill- 


Class  V.     Crixoidea 

The  last  group  of  the  Echino- 
dernis  is  termed  the  Grinoidea  (Gr. 
KfxW,  a  lily),  animals  long  familiar 
to  collectors  of  fossils  under  the 
name  of  Lily-encrinites.  The}'  dif- 
fer from  other  Echinodevios  in  that 
from  the  centre  of  what  corresponds 
to  the  upper  or  aboi-al  surface  of 
other  orders,  there  springs  a  jointed 
stock  by  which  the  animal  is  moored 
to  the  substratum. 

Animals  of  this  type  were  much 
more  common    in  past   times  than      F'°-  150.     Antednn  aenela,  Car. 
,  e    1-         .  AyuungindiviUual  x  U.    After 

now.     Large    masses    of    limestone         Carpenter. 
are    actually    made    up    of    their 

skeletons.  The  modern  order  of  Grinoidea  includes  a  few  species 
surviving  at  great  depths  in  the  ocean,  and  about  the  mode  of  life 
of  these  we  know  nothing.  There  are,  however,  besides  these  a 
number  of  species  not  sharply  marked  off  from  each  other  assigned 
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to  two  genera,  Antedon  and  Actinometra,  which  live  at  moderate 
depths  in  the  ocean  and  which  have  been  thoroughly  studied. 
These  however  are  esceptional  in  that  they  break  off  from  the 
stock  when  they  are  mature  and  swim  about  by  muscular  move- 
ments of  the  long  arms.  The  stump  of  the  lost  stalk  forms  a 
knob  called  the  centro-dorsal  ossicle,  which  is  provided  with 


Fto.  151.    Transverse  Bection  ttirongh  the  diec  and  base  of  an  arm  of 
Antedon  Tuaaceiiif.     After  Ludwig. 
1.   Mouth.  2.  Various  sections  of  alimentary  canal.  3.  Epithelium  of 

ambutacral  groove.  4.  Nervous  layer  of  anibulacral  groove,  &.  Uadial 
water-canal.  6.  Circumoral  wattr-vascular  ring.  7,  Stone-canals. 
8.  Pore-canata.  9.  Trabeoulae  traversing  the  coeloiu.  10.  Axial 

coelom  comninnicating  with  11.  11.   Coelom  of  arm.  12.  Cirri. 

Vi.  Genital  sbilon  giving   oft  14.  14.  Branches  of  genital  Etolun  in 

cirri.         la.   Radial  nerve  of  dorsal  nervous  system.  10.  "Chambered 

organ"  in  centre  of   dorsal  nervous  system.  IT.   Calcareous  rods 

developing  into  trabeculae.  18.  Muscles  connecting  radial  and  brachial 
plates.  Cl>.  Centro-dorsal  piece.  R",  R«,  R».  Firet,  second,  and  third 
radial  plate.     Br.',  Br.'   First  and  second  brachial  plate. 

grasping  processes  called  cirri,  by  means  of  which  the  animal  can 
temporarily  attach  itself. 

We  may   select  for  our  type   the  common  Antedon   rosaceus, 
which  can  easily  be  captured  by  the  dredge  at  moderate  depths. 
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This  animal  has  a  small  disc  and  ten  extremely  loag  arms.  It 
reminds  one  of  a.  star-fish,  in  the  fact  that  on  the  oral  sides  of 
these  arms  there  are  open  grooves  converging  to  the  mouth,  and 
that  the  akin  lining  these  grooves  is  modified  to  form  nervous  bands 
uniting  in  a  ring  round  the  mouth.  These  ambulacral  grooves  are 
further  lined  by  powerful  cilia  which  cause  currents  of  water  carry- 
ing small  animals  to  Sow  towards  the  mouth,  and  thus  the  animal  is 
fed.  The  tube-feet  are  small,  without  discs,  and  apparently  of  use 
only  as  gilia,  those  springing  from  the  grooves  on  the  disc  alone 
retaining  their  sensory  function.  The  real  sensory  organs  are  the 
tips  of  the  branches  of  the  arms,  called  the  pinnules,  which  are 
arranged  in  a  row  down  each  side  of  each  arm. 

The  skeleton  is  peculiar.  The  ventral  side  of  the  body  is 
covered  by  a  leathery  skin,  but  on  the  aboral  side  there  is  first  the 
centro-dorsal  ossicle,  a  round  knob  representing  the  uppermost 
joint  of  the  stem,  and  then  five  rows  of  plates,  called  radials, 
radiating  from  it.  These  five  rows  show  us  that  here,  as  in  most 
other  Echinoderms,  we  have  to  do  with  five  primitive  arms  or 
radii ;  these  radii,  however,  bifurcate  the  moment  they  become 
free  from  the  disc,  and  so  there  are  ten  arms:  the  uppermost 
plate  in  each  of  the  five  rows  having  a  double  fa«et,  on  to  which 
fit  the  lowest  of  the  rows  of  plates  supporting  the  arms. 

The  arms  really  bifurcate  again  and  again,  but  in  each  case  one 
of  the  forks  does  not  develope  further  and  forms  a  pinnule.  If  in 
the  case  of  any  of  the  bifurcations  both  forks  were  to  develope  we 
should  have  an  increase  in  the  number  of  arms,  and  indeed  species 
of  Antedon  with  twenty,  forty,  and  even  one  hundred  arms  are 
known. 

There  is  no  madreporite,  but  the  whole  of  the  upper  soft 
integument  is  riddled  with  isolated  pores  which  lead  into  the  body 
cavity  and  are  lined  by  ciliated  cells.  The  water- vascular  ring  has 
hanging  down  from  it  a  large  number  of  stoiie-canala,  which  also 
open  freely  into  the  body  cavity.  Only  one  pore  and  one  stone- 
canal  exist  in  the  stalked  young,  but  their  position,  comparatively 
near  the  mouth,  is  utterly  different  from  that  in  any  other 
Echinoderm.  In  the  adult  the  cavity  of  the  coelom  is  traversed  in 
every  direction  by  cellular  cords  called    trabeculae. 

The  anus  is  situated  on  the  ventral  side  of  the  body  in  an 
interiadius,  the  alimentary  canal  being  coiled  in  a  simple  spire  in 
the  disc.  We  have  spoken  above  of  the  ambulacral  grooves  being 
lined  by  nervous  cells,  like   those  forming  the  radial   nerve  in 
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Star-fish.  This  is  indeed  so,  but  the 
Grinoid  possesses  another  aiid  much  more 
important  nervous  system.  From  the 
body  cavity  five  canals  are  given  off 
which  penetrate  the  stalk.  These  canals 
swell  up  in  the  substance  of  the  centi-o- 
dorsaJ  ossicle  into  chambers,  and  iu  the 
permanently  stalked  forms  like  Rhizo- 
crinus  or  Pentacrinas  they  form  similar 
chambers  wherever  the  stalk  bears  cirri. 
The  coelomic  cells  which  form  the  walls 
of  these  canals  develope  gieat  masses  of 
nervous  fibrillae.  In  Antedon  of  course 
only  the  five  uppermost  chambers  remain 
when  the  stalk  disappears  —  they  are 
termed  collectively  the  chambered 
organ  —  and  the  nervous  lining  of  these 
constitutes  a  kind  of  brain  (Fig.  151). 
From  this  brain  cords  go  off  to  the  cirri, 
and  five  great  cords  run  upwaitls  per- 
forating the  radial  rows  of  plates,  and 
bifurcating  eventually  pass  into  the  arms 
perforating  the  plates  which  form  the 
skeleton  of  the  latter.  It  has  been  ex- 
perimentally proved  that  it  is  this  ner- 
vous system  which  controls  the  muscles 
moving  the  arms,  and  that  if  the  whole 
soft  part  of  the  disc  including  the  ambu- 
lacra! nervous  system  be  removed  the 
animal  swims  just  as  well  as  before. 

The  organs  of  sex  are  rounded  masses 
found  in  the  pinnules  and  are  really,  as  in 
Asteroidea,  Ophiuroidea,  and  Echinoidea, 
swellings  on  branches  of  a  genital  raeliis. 
There  is  also  a  genital  stolon,  which  how- 
ever has  no  connection  with  any  of  the 
stone-canals,  but  rises  from  the  rachis  to 
the  centre  of  the  dorsal  wall  of  the  coelom. 
The  young  are  carried  on  the  pinnules 
Fio.  152.  Rhiiocriniu,  Sare  *<>'■  some  time,  and  have  a  very  short  free- 
X  about  2J.  swimming  life,  very  soon  settling  down 
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and  developing  into  little  pentacrinoids  with  a,  jointed  stalk. 
The  name  "peniacrinoid"  is  suggested  by  their  resemblance  to 
PeiitacriHua.  These  stalked  young  present  interesting  features  in 
the  skeleton  found  in  many  living  and  fossil  Ci'inoidea  but  absent 
in  the  adult  Antedon.  Thus  the  mouth  is  guarded  by  five  inter- 
ladial  valves  each  supported  by  an  oral  plate,  and  dorsal  to  the 
radials  is  a  circle  of  five  intei'radial  ossicles. 

Leaving  aside  the  Crinoidea  the  developement  of  which  is  knoivn 
only  in  one  case  and  is  there 
evidently  much  modified,  the 
eggs  of  the  other  four  groups 
of  Echinoderms  develope  into 
free-swimming  animals  which  for 
periods  varying  from  a  fortnight 
to  six  weeks  lead  a  free  life  at 
the  surface  of  the  ocean.  These 
young  are  called  Dipleurula 
larvae  and  they  are,  as  men- 
tioned, utterly  different  to  adult 
Echinoderms:  unlike  these,  but 
like  most  other  animals,  they 
are  bilaterally  symmetrical  (Fig. 

153).     They  swim  by  means  of    „     „„     „        °   .       ,     ^ 

J  11        -.    J-      1      ■■■   ..   J     Fia.  16.?,     Ventrftl  view  of  a  Larva  of 
a  powertul  longitudmal  ciliated       a  Holothur[an  taken  at  Marseilles 
ring,  drawn  out   into  a  number       ^  about  IW).    From  Joh.  MUiler. 
of  am,  or  process.     They  pos-   J;  |'-'J;^  J;  0~P^«-- 

sess  a  complete  alimentary  canal,    6.  Anus.  (t.  Coeloiaic  sac. 

consisting  of  oesophagus,  stomach  |-  ciJuwd^b^d'**^'^"^'^"'"^*""' 
and  rectum,  and  the  coelom  is 

represented  by  two  sacs  lying  one  at  each  side  of  the  digestive 
tube.  These  sacs  are,  as  a  study  of  the  early  developement  teaches, 
portions  of  the  alimentary  canal  budded  off  from  the  rest.  As 
developement  proceeds,  the  radial  tubes  and  water- vascular  ring  are 
formed  on  the  left  side  from  a  portion  of  the  coelomic  sac  which  is 
cut  off  from  the  rest.  On  the  right  side  the  first  trace  of  the 
skeleton  appears,  and  this  side  becomes  the  upper  or  aboral,  whilst 
the  left  forms  the  lower  or  oral  side  of  the  Echinoderm. 

This  developement  is  not  only  interesting  on  account  of  the 
extraordinary  metamorphosis  which  the  young  undergo,  but  also  on 
account  of  the  fact  that  whilst  the  adult  is  utterly  unlike  any  of  the 
other  Coelomata,  the  structure  of  the  young  is  reconcilable  with  the 
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fundamental  structure  of  Annelida  and  Mollusca,  etc.  The  only 
plausible  explanation  of  this  is  to  be  found  in  the  hypothesis  that 
the  young  represent  in  a  rough  sort  of  way  the  ancestor  troin  which 
the  Echinoderms  were  derived. 

The  Fhylum  Echinodermata  is  classified  as  follows :  —  , 

Sub-Phylum  A.     Pelmatozoa 

Echinodermata  which  are  fixed  to  some  foreign  object  during  the 
whole  or  part  of  their  existence  by  a  jointed  stalk  springing  from 
the  centre  of  the  aboral  surface. 

Glass  I.     Crinoidea 
Pelmatozoa  with  five  long  arms  which  repeatedly  fork.     The 
genital  organs  are  borne  in  the  tips  of  the  branches. 

Sub-Phylum  B.     Eleutherozoa 

Echinodermata  which  are  free  during  the  whole  of  their  adult 
existence  and  rarely  fixed  even  during  the  larval  condition.  When 
the  immature  form  is  fixed  the  stalk  springs  from  the  oral  surface 
near  the  mouth  and  is  not  jointed. 

Class  I.      ASTEBOIDEA 

Eleutherozoa  with  arms  (free  radii)  containing  outgrowths  of  the 
alimentary  canal  and  0[>en  ambula^ral  grooves.  The  arms  have 
feebly  developed  muscles  and  locomotion  is  effected  entirely  by  the 
tube-feet 

Ex.     Aateriaa,  Eckinaater. 

Class  II.  Ophiuroidea 
Eleutherozoa  with  arms  shai-ply  marked  off  from  the  central  disc. 
The  arms  do  not  contain  outgrowths  of  the  alimentary  canal  and 
have  closed  ambulacial  grooves.  They  have  highly  developed 
muscles,  and  locomotion  ia  entirely  effected  by  the  arms,  the  tube- 
feet  being  purely  tactile. 
Ex,     Ophioglypka. 

Class  III.      ECHINOIDEA 

Eleutherozoa  in  which  the  arms  have  coalesced  with  the  body, 
the  radii  belngananged  like  meridians  on  a  sphere.   The  ambulacral 
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grooves  are  closed.  The  body  has  a  complete  armour  of  closely 
adjusted  plates  and  the  spines  are  moveably  articulate  with  these 
and  assist  in  locomotion. 

Order  1.    Eodocyclioa. 

Echinoidea  in  which  the  anus  is  in  the  centre  of  the  aboral 
pole  and  teeth  are  present. 
Ex.     Echinus. 

Order  2.    Glypeastridea. 

Echinoidea  in  which  the  anus  is  excentric,  the  dorsal  tube- 
feet  are  flattened,  and  teeth  are  present. 

Ex.     Clypeaslra,  Echinocyatnus,  Eckinarackniua. 

Order  3.    Spatangidae. 

Echinoidea  with   an   excentric  anus  and  flattened  dorsal 
tube-feet,  but  without  teeth. 
Ex.     Spatangus. 

Class  IV,      HOLOTHUROIDEA 

Eleutherozoa  resembling  Echinoidea  in  the  anus  and  ambulacral 
grooves ;  but  with   rudimentary  skeleton  and   highly  developed 
muscular  body-wall  and  greatly  enlarged  buccal  tube-feet  by  means 
of  which  all  the  food  is  obtained. 
Ex.     Hotolkuria. 
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CHAPTER  X 
Phylum  Brachiopoda 

Brachiopods  (Gr.  ^pa^iW,  the  arm ;  irow,  TraSoi,  the  foot)  are 
tme  Coelomata  and  retain  the  eoelom  in  a  primitive  and  typical 
condition.  Like  the  Molluaca,  they  are  not  segmented,  and  the 
only  trace  of  a  repetition  of  parts  in  the  group  is  in  a  genus  called 
ShyiicJionella  in  which  the  uephridia  are  repeated,  so  that  we  find 
two  pairs.  A  similar  repetition  of  the  same  organs  occurs  amongst 
the  Mollusca  in  Na>Uilu3. 

Krachiopods  are  exclusively  marine.  They  have  a  shell  con- 
sisting of  two  valves,  so  that  at  first  sight  they  appear 

Biternai  to  resemble  the  Pelecypoda,  but  in  Brachiopods  the 
shells  are  placed  ventrally  and  dorsally,  and  not  on 
the  two  aides  of  the  animal  as  in  Mussels.  In  a  few  cases  such  as 
that  of  the  primitive  genus  Lingula  the  two  valves  of  the  shell  are 
nearly  alilte  in  size  and  shape  and  consist  largely  of  homy  matter  or 
chitin.  In  most  cases  however  the  shell  is  calcareous,  and  since  in 
Brachiopoda,  as  in  most  bilaterally  symmetrical  animals,  the  two 
sides  resemble  one  another  whilst  the  back  and  fi'ont  are  unlike, 
each  valve  of  the  shell  is  symmetrically  shaped,  but  the  dorsal  valve 
differs  from  the  ventral,  the  latter  being  usually  the  larger.  In  a 
few  cases,  such  as  that  of  Omnia,  a  British  form,  common  in  certain 
localities,  the  ventral  valve  is  flat  and  attached  by  its  whole  surface 
to  the  substratum ;  all  that  is  then  seen  is  the  arched  dorsal  valve. 
Since  in  the  overwhelming  majority  of  Pelecypoda  the  two  valves  of 
the  shell  are  similar  in  appearance,  whilst  each  is  asymmetrical  in 
shape,  the  umbo  being  situated  near  the  anterior  end,  it  is  easy  to 
distinguish  at  a  glance  the  shells  of  the  Pelecypoda  from  those  of 
the  Brachiopoda. 

The  posterior  end  of  the  body  terminates  in  a  stalk  which  in 
Lingula  helps  to  keep  the  animal  in  the  holes  of  the  sand  in  which 
it  lives.     In  other  forms  the  stalk  is  shorter  and  it  is  firmly  glued 
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e  fixed  itself  a  Bracbiopod  cannot 


Fio.  IM,      Terrhratula  nbna.  &  (ossil 

Bracbiopod  shell  x  j. 
.     Dorsal  view.  B.     LaUml  view. 

a,  posterior,  b,  anterior  end.  'I'he  line 
between  a  and  b  is  called  the  length,  it 
traverses  the  aperture  tliraiigh  which 
the  stalk  projecis.  The  line  between 
c  and  d  is  the  breadth,  and  between  a 
and  f  the  thickness,  and  between  g  and 
h  is  the  hinge-line. 


to  a  rack  so  that  wheo  it  vs-as  < 
change  its  place  of  residence 
(Fig.  157).  Each  valve  of 
the  shell  is  lined  by  the  body- 
wall  of  the  animal,  but  the 
body  does  not  occujjy  the 
whole  of  the  space  between 
the  two  valves ;  it  is  prodHced 
into  two  folds  oi-  flaps  called 
the  mantle-flaps,  which  are 
each  hollow  and  contain  ex- 
tensions of  the  coeloni.  These 
secrete  the  larger  part  of 
the  valves  of  the  shell.  In 
LinguJa  and  some  others  the 
free  edge  of  these  mantle- 
folda,  lying  parallel  with  tlie 
free  edges  of  the  shells,  bear  a 
number  of  chaetae  which  recall  those  of  the  Chaetopoda.  It  is 
by  no  means  certain  that  the  shell  of  Brachiopods  is  an  external 
secretion  like  that  of  Mollusca:  it  seems  possible  that  it  is  really 
deposited  in  the  connective  tisane  under  the  ectoderm. 

In  most  of  the  thick-shelled  forms 
the  shell  is  traversed  by  processes  of 
the  mantle,  which  nourish  it,  so  that 
in  dried  Brachiopods  th*!  sliell  seems 
perforated  with  a  number  of  pores. 

If  we  slightly  open  the  valves  of 
the  shell  of  aliving  Braohiopod(soasto 
avoid  tearing  the  tissues)  and  look  in, 
we  shall  see  between  the  venti-al  and 
dorsal  mantle-folds  the  anterior  body- 
wall  of  the  creature.  This  sometimes 
nms  almost  horizontally  across  be- 
tween the  space  within  the  valves, 
but  often  slopes  obliquely  from  the 
ventral  to  the  dorsal  valve  of  the  shell.  Part  of  this  wall  is  modified 
to  form  two  long  ridges,  the  endsof  which  project  freely  and  are  called 
the  arms;  they  are  coiled  and  are  beset  with  tentacles  (Fig.  156). 
Running  close  to  the  origin  of  the  tentacles  is  a  little  lip  or  flange 
so  placed  that  the  two  form  a  groove  or  gutter.     The  groove  is 


Fio.  W>.  a  section  through  the 
shell  of  Waldheimia  flaveiceits. 
Magnifled. 

a.  Prismatic  layer  fanned  in  con- 
nective tissue,  b.  Epidermal 
layer.  c.  Outer  calcareous 

layer.  d  it  e.  The  expanded 
oater  ends  of  the  tubes  which 
traverse  Uie  shell. 
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lined  with  cilia,  and  so  is  the  inner  face  of  each  tentacle.  The 
whole  of  thie  apparatus  is  called  the  Lophophore.  It  might  be 
described  as  a  ring  of  tentacles,  the  ends  of  which  were  drawn  out 
so  as  to  form  the  arms.  It  is  never  quite  so  simple  as  the  above 
account  would  lead  one  to  suppose,  but  the  ting  is  often  produced 
into  two  minor  lobes  forming  the  lesser  arms  situated  between  the 
main  ones,  and  in  many  genera  the  two  main  arms  are  raised  up 
from  the  level  of  the  body-wall,  and  each  is  twisted  into  a  spiraL 
The  dorsal  shell  may  be  prolonged  into  a  series  of  plates  and  even 
into  elaborate  bands  and  loops  which  serve  to  support  such 
lophophores. 


1.  Moulb.        2.   Lophophore.        3.  Stomach.        4.  Liver  tubes.      5.  Median 
ridge   on  dorsal   shell.  0.    Heart.  T.    Intestine,    ending    blindly. 

8.  Muacle  from  dorsal  valve  of  shell  to  stalk.  9.  Internal  funnel-shaped 
opening;  of  iiepbridium.  10.  Stalk.  II.  Body-wall.  12.  Tentacles. 
1.'!.  Coil  of  lip.        14.  Terminal  lenlaclee. 

The  mouth  Hes  in  the  middle  line  at  the  bottom  of  the  gutter 

between  the  lip  in  front  and   the  tentacles  behind. 

structure.      '^'^^  lophophore  IS  thus  an  organ  for  catching  food  and 

passing  it  into  the  mouth.     The  cilia  which  cover  the 

inner  surface  of   the  tentacles    and  line  the  gutter  set  up  small 

whirlpools  in   the  water.     Minute  animals  and   algae  becoming 

involved  in  these  are  swept  into  the  mouth.     In  many  species  the 
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tentacles  can  be  protruded  between  the  valves  of  the  shell,  and  thus 
the  area  they  afiect  is  enlarged. 

The  mouth  leads  into  a  simple  stomach  which  ends  in  a  short 
intestine.  Both  stomach  and  intestine  are  ciliated.  A  digestive 
gland  called  the  liver,  consisting 
of  a  number  of  branching  tubes, 
opens  on  each  side  into  the 
stomach,  and  as  is  the  case  in 
the  Crustacea  much  of  the  di- 
gestion takes  place  inside  these 
glands.  In  the  genera  of  Brach- 
iopoda  which  have  a  hinged 
shell  the  intestine  ends  bhndly, 
but  in  those  which  have  no 
hinge  there  is  an  anus  which 
may  open  in  the  middle  line  as 
in  Crania,  or  on  the  right  side 
of  the  body  as  in  Lingula. 

On  the  dorsal  surface  of  the  ft 

stomach  is  a  small,  muscular,  < 
contractile  vesicle,  the  heart 
(Fig.  156).  This  gives  off  a 
number  of  vessels,  amongst 
others  one  which  passes  to 
each  tentacle,  which  there- 
fore possibly  act  as  respiratory 
organs. 

The  chief  part  of  the  nervous  _  j 

system  retains  its  primitive  re- 
lation to  the  ectoderm.  Just 
in  front    and    just  behind   the 

mouth  there  are  thickenings  of  fio.15T.  A  longitudinal  vertical  median 
the  ectoderm  forming  a  supra-  Bection  ihrougli  Argiope  neapoUtana. 
and  subK)esoph^eal  ganglion 
respectively,  the  latter,  con- 
trary to  the  usual  rule,  being 
much  the  larger  (Fig.  1.^7). 
They  ai-e  connected  by  two 
lateral  cords  and  give  off  a 
number  of  nerves,  one  of  which  runs  to  each  tentacle.  No  sense- 
organs,  such  as  ears  or  eyes,  are  known ;   and  indeed  the  fixed 


blood-vesHel. 
nerve   ganglion.  4.  Mouth. 

5.  St«mach.  6.  Stalk.  7.  Plexus 
of  blood-vessels.  8.  Median  crest 
on  dorsal  shell.  8.   Membrane 

which  has  separated  from  shell  dur- 
ing the  process  of  decalcification. 


^aovGoOt^lc 


280  BRACHIOPODA  [CHAP. 

Brachiopod,  whose  "strength  is  to  sit  still"  and  sweep  little 
particles  of  food  towards  its  mouth,  has  but  little  need  of  special- 
ised sense-organs. 

The  cavity  of  the  coelom  is  reduced  by  the  presence  of  the 
alimentary  canal,  the  digestive  gland,  and  the  heart,  but  it  is  still 
spacious.  It  is  partially  divided  up  by  certain  mesenteries  which 
support  the  alimentary  canal,  and  it  is  traversed  by  several  pairs  of 
muscles.  Some  of  these  muscles  run  from  valve  to  valve,  and  when 
they  contract  close  the  shell,  others  being  situated  behind  the  hinge, 
so  that  when  they  contract  the  valves  slightly  open.  Others  again 
run  from  the  valves  to  the  inner  surface  of  the  Stalk,  and  their  con- 
traction bends  the  body  one  way  or  another  and  may  even  serve  to 
slightly  rotate  it 

There  is  —  except  in  one  genus  —  but  one  pair  of  nephridia. 
These  are  short  tubes  which  open  by  large  trumpet-shaped  openings 
(9,  Fig.  150)  into  the  coelom ;  whilst  their  external  openings  are 
situated  at  the  sides  of  the  body  behind  the  lophophore.  The  cells 
lining  the  nephridia  are  some  of  them  ciliated,  whilst  others  are 
crowded  with  coloured  granules.  As  already  mentioned  the  genus 
Rhyiichonetla  possess  two  pairs  of  nephridia. 

As  a  rule,  in  Brachiopods  the  sexes  ai-e  separated.  The  cells 
destined  to  form  ova  or  spermatozoa  are  derived  from  those  lining 
the  body  cavity.  At  certain  jdaces,  usually  four  in  number,  the 
coelomic  cells  multiply  and  build  themselves  up  into  ovaries  or  testes 
according  to  the  sex.  When  they  are  ripe  they  fall  off  into  the 
coelom  and  make  their  way  to  the  exterior  through  the  nephridia. 
The  s])erraato2oa  are  cast  into  the  water  by  the  male,  and  the  female 
must  bring  them  within  the  valves  of  her  shell  by  the  action  of  the 
current  set  up  by  the  cilia,  because  the  eggs  are  almost  certainly 
fertilised  as  soon  as  they  leave  the  nephridia.  The  eggs  develope 
in  certain  brood-pouches  situated  at  the  sides  of  the  animal  which 
are  formed  by  a  bulging  in  of  the  body-wall.  A  larva  is  ultimately 
formed  which  leaves  the  body  of  the  mother  and  swims  about  in 
the  sea  by  means  of  a  band  of  cilia.  As  it  is  extremely  minute, 
although  it  swims  quickly  it  does  not  get  very  far,  and  this  probably 
accounts  for  the  fact  that  Brachiopods  are  usually  found  in  large 
numbers  in  one  place. 

Bi-achiopods  are  found  in  all  seas.     About  eleven  genera  have 

rib  \>^'i'(i  dredged  around  the  British  Isles,  roost  of  them 

■ndciHiiBcB-    in  comparatively  shallow  water.     Lingnla  is  usually 

found  between  tide-marks  or  in  shallow  water ;  it  lives 
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in  a  tube  in  the  sand  and  the  bristles  round  the  mouth  of  the  shell 
doubtless  serve  to  keep  out  particles  of  sand  which  might  otherwise 
injure  the  animal.  It  is  found  along  the  east  coast  of  America,  in 
the  Pacific,  and  other  places.  One  speciea  of  Brachiopod,  Tei-e- 
bratula  wyvillei,  has  been  dredged  from  a  depth  of  close  upon  3000 
fathoms. 

Perhaps  the  chief  interest  of  the  group  is  that  it  includes  an 
enormous  numberof. fossil  forma  which  had  a  very  wide  distribu- 
tion. The  extinct  forms  far  surpass  both  in  variety  and  number 
the  existing  forms.  Some  species  have  lived  on  —  as  far  as  we  can 
judge  from  the  shell  —  unchanged  from  the  time  when  the  earliest 
fossil-bearing  rocks  were  laid  down.  They  may  thus  claim  to  be 
one  of  the  oldest  groups  with  which  we  are  acquainted. 

The  Brachiopoda  are  classified  as  follows :  — 

Class  I.      ECABOINES 

Shell  with  no  hinge  and  no  internal  skeleton.  The  alimentary 
canal  has  an  anus. 

Ex,     LtJigula,  Crania. 

Class  II.    Testicardines 

Shell  with  hinge  and  internal  prolongations ;  chiefly  calcareous. 
No  anus. 

Ex.     Terebraiula,  Argiope,  WcMlieimia,  Bhynchonella, 
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PHYLVM   POLYZOA 


This  group  includes  a  great  number  of  species,  the  iodividuals 
of  which  are  so  small  as  to  be  barely  visible  to  the  naked  eye,  but 
they  are  vrith  hardly  an  exception  colonial  in  their  habits,  and  the 
colonies  usually  attain  a  fair  eiz«.  These  colonies  take  many 
shapes,  some  branching  like  a  tree,  others  being  flattened  like  a 
leaf,  whilst  others  again  are  discoidal ;  often  they  are  encrusting, 
that  is  to  say  they  form  a  layer  on  some  seaweed  or  rock,  for  the 
majority  of  them  are  marine. 

If  one  of  these  colonies  be 
"  dried,  80  that  the  organic  mat- 

ter shrivels  up,  a  hard  skeleton 
remains,  and  this  is  then  seen 
to   consist    of  a    number   of 
chambers  or  "  cells,"  each  of 
which  opens   to  the   exterior 
by  aa  oiifice,  and,  as  a  rule, 
communicates  with  its  neigh- 
bours.    The  skeleton  may  be 
calcareous,    or    chitinous,    or 
the  colony  may  be  gelatinous 
in  consistency.    The  dried  cell 
may  be  opened  or  closed  by  a 
lid  termed  the  operculum. 
During  life  each  of  these  cells  lodges  part  of  the  body  of  a  person 
of  the  colony,  the  "  cell "  being  indeed  the  cuticle ;  part  however  of 
the  person  is  not  clothed  with  cuticle  and  is  normally  stretched 
out  above  the  cell  —  the  opening  in  the  dried  cell  is  in  fact  the 
place  where  the  flexible  part  of  the  person  begins.    At  the  end  of 
this  flexible  part  is  the  mouth,  surrounded  by  a  ring  of  ciliated 


Fio.  158.    Portions  ol  two  Polyzoan 
coloniea.     Magnitied. 

A.  SraiUialandiboroBii.  a.  Avicularium. 

m.  Orifice  of  cell.    o.  Ooecium  or 
pi>uch  in  which  the  egg  developea. 

B.  Tubulipora  plumoea.    After  Hincka. 
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tentacles:  on  one  side  is  the  anus.  The  flexible  pact  is  termed 
the  polypide,  and  the  cell  the  zooecium.  If  the  polypide  be 
retracted,  which  occurs  wheD  it 

is  irritated,  the  ajiterior  end  is  i 

inverted  and  forms  the  ten- 
tacle sheath  in  which  the 
t«ntacles  lie.  The  operculum 
when  present  is  a  moveable  fold 
of  the  bcMiy-wall  thrown  back 
when  the  polypide  is  pushed  out, 
and  covering  the  opening  of  the 
tentacle  sheath  when  it  is  re- 
tracted. 

The  animal  within  the  cell 
hasaU-shapedalimentarycanal,  ' 
the  anus  being  situated  not  far 
from  the  mouth,  but  it  is  sepa^ 
rated  from  it  by  a  ring  of  tentar 
cles  in  the  centre  of  which  the 
mouth  lies.  This  crown  of 
tentacles,  called  the  Lopho- 
phore,  is  not  always  circular, 
but  may  be  drawn  out  into  a 
horseshoe-shaped  structure  (Fig. 
159),  and  in  the  species  in  which 
it  undergoes  this  modification 
there  is  a  small  projection,  called 
the  e  p  i  s  t  o  m  e,  which  overhangs 
the  mouth,  being  situated  inside 
the  tentacle  ring.  The  tentacles 
are  ciliated  and  the  action  of  the 
cilia  brings  food  to  the  mouth, 
which  leads  into  an  oesophagus 
also  ciliated,  and  this  enlarges 
into  a  rounded  stomach  usually 
produced  into  a  caecum  (Fig. 
159).  From  this  asmall  intestine, 
parallel  with  the  oesopha^s, 
leads  to  the  anus.     From  the 

aboral  side  of  the  stomach  a  cord  of  meaodermic  tissue,  called  the 
funicle,  usually  passes  to  the  body-wall. 


Fio.  151).  View  of  right  half  of  Plu- 
matelta  fungoaa.  slightly  diagram- 
malic.     After  AltmHn  and  Kitache. 

1.  Lophopbore.  2.  Mouth.  3.  Epi- 
stume.  4.  Anus.  5.  Kerve 

ganglion.  6.  Oesophagufl.  7.  Stom- 
ach. B.  Intestine.  t).  Edge  ol 
fold  of  body-walL  10.   Wall  of 

tube.  11.  Mueclea.  12.  Funiculus. 
13.    Body-wall.  14.   Testis. 

15.  Testis,  more  mature.  10.  Stato- 
blast,  17.  Ovary.  18.  Spermato- 
zoa free  In  body  cavity.  19.  Ten- 
tacles.       20.   Hetractor  muscle. 
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The  botly  cavity  is  regarded  as  truly  coelomic.  It  contains  a 
fluid  in  which  cells  float;  it  is  traversed  by  the  funicle  and  by 
numerous  strands  of  inesodermic  tissue.  The  fitnicle  may  be  the 
remains  of  a  niediau  mesentery  which  once  separated  the  coeloinic 
sac-s  of  the  two  sides.  Some  of  the  cells  of  its  walls  give  rise 
to  reproductive  cells,  and  the  body  cavity  may  open  to  the  exterior 
iu  certain  individuals  which  possess  an  ovary  by  a  short  tubular 
duct,  the  so-called  inter-tentacular  organ.  This  functions  as 
an  oviduct  and  has  lieen  reganled  by  some  authors  as  a  modified 
nephridium,  A  portion  of  the  body  cavity  is  separated  from  the 
rest  by  a  horizontal  septum,  and  forma  a  space  at  the  ba.se  of  the 
tentacles.  This  may  open  into  the  other  part  or  may  be  completely 
shut  off  from  it 

No  heart  or  blood-vessels  ai-e  present.  It  is  possible  that  some 
of  the  nitrogenous  waste  matter  may  be  got  rid  of  by  means  of  the 
inter-tentacuiar  organ,  but  it  has  also  been  suggested  that  these 
waste  products  are  stored  up  in  certain  cells  on  the  funicle.  From 
time  to  time  the  tentacles,  alimentary  caual,  and  nervous  system 
of  an  individual  undergo  degeneration  and  form  a  brown  mass, 
called  the  brown-body,  which  forms  a  conspicuous  feature  in  the 
colony.  After  a  time  the  body-wall,  which  has  not  disintegrated, 
forms  a  new  set  of  organs  and  the  brown-body  maj-  come  to  lie  in 
the  stomach  of  the  reconstituted  individual.  Thence  it  passes  to 
the  exterior  through  the  anus.  It  is  thought  that  much  of  the 
waste  matter  which  has  accumulated  in  the  body  of  the  animal  is, 
in  this  way,  eliminated.  In  certain  I'hylactolaemata  there  are  a 
pair  of  small  nephridia  opening  l>etween  the  mouth  and  the  anu.s, 

A  nerve  ganglion  lies  between  the  mouth  and  anus,  situated  in 
that  part  of  the  body  cavity  which  runs  round  the  base  of  the 
lophophore. 

I'olyzoan  colonies  are  usually  hermaphrodite.  The  testes  are 
as  a  rule  formed  by  the  multiplication  of  the  coelomic  cells  which 
lie  at  the  side  of  the  body-wall,  while  the  ovary  originates  from  the 
funicle  or  from  the  body-wall.  They  may  be  found  in  the  same 
individual  or  in  diSei'ent  individuals  of  the  same  colony.  As  a 
rule,  the  eggs  develope  in  connection  with  the  colony,  but  they  may 
be  laid,  escaping  from  the  body  cavity  through  the  iuter-tentacular 
canal,  and  then  they  pass  at  once  into  the  sea-water.  More  usually 
the  early  stipes  of  developement  are  passed  through  in  the  tentacle 
sheath  or  in  a  special  pouch  called  an  ooecium  (Fig.  168),  or  in 
certain  "  cells  "  which  contain  rudimentary  individuals.     A  f ree- 
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swimming  larval  form  is  usually  found,  which  after  a  time  comes 
to  rest  and  by  budding  forms  a  new  colony. 

Just    as    in    the  colonies  of    Hydrozoa  we    found    difEerent 
individuals  set  apart  to  perform  different  functions,  so  in  Polyzoa 
we   find   a  similar  specialisation.     Certain   individuals   may  he 
modified  to  accommodate   and   protect   the   developing  egg,  but 
perhaps  the  most  remarkable  modifications  are  the  Vibracu  la  and 
Avicularia  of  the  Cheilostome  Polyzoa,     The  vihracula  ai-e  long 
hmr-like  processes  which  sweep 
through  the  water ;  the  avicnlaria 
are  two  snapping  jaws  provided 
with  powerful  muscles,  like  the 
claws  of  a  lobster  or  the  beak 
of  a  parrot  (Fig.  160).     They  are 
modifications  of  a  "cell "  and  its 
operculum.     The  avicnlaria  oc- 
casionally catch  worms,  Crustacea 
and  other  animals  'whose   pres- 
ence   might   interfere    with    tlie 

colony,  but  the  exact  part  which     Fig.IOT.  An  Avicnlarium of  BMffuIa. 
they     otherwise     play     in    the  Magnified. 

economy  of  the  anin.al.  i,  still     ''.Kd,  54'".nS ZS'S 
obscure.  dividual,   dm.  Muscle  which  opens, 

Resides  the  sexual  method  of        2"?;;  """^'^  "^'f  '''''^f^v;''^"^"" 
dible  oil  the  beak.    mii.  Mandible, 
reproduction  just  mentioned  cer-  ihe  operculum  ol  the  modified  cell 

tain  internal  buds  termed  stato-  P-  "'^"'■ 
blasts  are  formed  in  the  group  Phylactolaemata.  Masses  of 
cells  arise  from  the  fiinicle  and  become  enclosed  between  two 
watch  glass-shaped  chitinous  shells  whose  edges  are  kept  together 
by  a  sijecial  ring  of  cells.  As  a  rule,  the  Phylactolaemata  die 
down  during  the  winter,  but  the  statoblasts  persist  and  when  spring 
recurs  give  rise  to  new  colonies.  A  somewhat  analogous  process 
ensures  the  perpetuation  of  the  species  in  certain  fresh-water 
Ctenostomata. 

Polyzoa  are  widely  distributed  throughout  the  sea,  many  occur- 
ring in  comparatively  shallow  water,  but  others  have  been  dredged  at 
gi-eat  depths.  The  Phylactolaemata  and  a  few  genera  from  other 
subdivisions  are  fresh-water.  Fossil  forms  are  numerous  and  the 
Coralline  crag,  a  tertiary  deposit,  takes  its  name  from  tlie  large 
number  of  coral-like  calcareous  forms,  sometimes  described  as 
"corallines,"  which  are  found  in  it.' 
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There  is  a.  small  class  of  animals  with  a  solid  body,  Le.  no 
co*^lumic  sitace,  and  with  both  ends  of  the  alimentary  canal  included 
in  the  ring  of  tentacles,  termed  Ecdoprocta.  Their  relation- 
nhip  with  the  Polyzoa  is  sometimes  questioned.  All  the  others  are 
groujied  together  as  Bctoprocta,  and  these  are  sulxlivided  into 

Order  I.     Phylactolaemata. 

Fresh-water  forms  with  a  horseshoe-shaped  lophophore,  an 
epistome  Cexcept  FrvlerMla),  and  statoblasts. 

Order  II.     Gynmolaemata. 

With  a  few  exceptions  marine,  and  baring  a  circular 
lophophore.     Devoid  of  an  epistome. 

Suborder  (1),  Cheilostomata.  An  operculum  covei-s  the 
orifice  of  the  cell.     Avicularia  and  vibracula  often  pitseiit. 

Suborder  (2),  CycloBtomata.  Cells  tubular,  ending  in 
circular  mouths.     No  operculum.     Calcareous  skeleton. 

Sulwrder  (3),  Ctenoetomata.  Body-wall  soft.  The  ori- 
fice of  the  cell  is  closed  by  the  coming  together  of  a  fringed 
membrane. 
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The  Chaetogaatha  (xai'nj,  hair ;  yvdSot,  jaw)  are  small  cylindrical 
animaU  which  swim  at  the  surface  of  the  sea.  The  name  is  sug- 
gested by  the  circumstance  that  at  the  sides  of  the  mouth  are  two 
rows  of  curved  moveable  bristles  by  means  of  which  they  seize  their 
prey  (e,  Fig.  161). 

The  body  has  a  small  rounded  head  in  front  and  tapers  to  a  tait 
posteriorly;  it  is  provided  with  one  or  two  pairs  of  flat,  lateral. 
expansions  termed  fins;  the  general  shape  resembles  that  of  a- 
torpedo,  if  we  leave  the  head  out  of  account.  The  head  is  sur- 
rounded by  a  fold  of  the  skiu  forming  a  hood,  which  is  most 
prominent  at  the  sides  and  dorsal  surface.  Within  the  hood  the 
head  bears  a  i-ow  of  sickle-like  hooks  whose  points  when  at  rest 
converge  around  the  mouth,  but  are  capable  of  being  widely  di- 
varicated. The  head  also  bears  one  or  more  rows  of  stout  spines 
whose  number  and  arrangement  are  of  importance  for  the  system  of 
classification  (/,  Fig.  161). 

The  coelom  is  well  developed  and  contains  a  fluid  in  which  cells 
float.  In  strictness  there  are  three  pairs  of  coelomic  sacs,  separated 
from  one  another  by  transverse  and  longitudinal  partitions.  In 
the  head  the  coelomic  space  is  practically  obliterated  by  the  great 
developement  from  its  walls  of  the  muscles  which  move  the  hooks. 
The  coelom  of  the  trunk  and  tail  is  further  divided  into  right  and 
left  halves  by  a  vertical  mesentery,  which  in  the  trunk  region 
supports  the  alimentary  canal  (Fig.  162).  This  mesentery  is  pierced 
by  numerous  small  holes. 

The  skin  is  covered  by  an  epithelium  more  than  one  layer  thick, 
some  of  the  cells  of  which  are  modified  to  form  sense-organs,  while 
others  project  from  the  surface  of  the  body  and  are  known  as 
adhesive  cells  (Fig.  162).    Bene.i.th  the  epithelium  is  a  thin  layer 
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Fio.  161.  A  ventral  view  of 
Sagitln  hrxaplrra  x  31- 
From  O.  Henweg. 

a.  Mouth.  b.  Intestine. 
c.   Auiis.  (i.   Ventral 

ganglion.  r.  Movtiable 
bristles  on  ttie  head. 
/.  Spines  on  the  head. 
g.   Ovary.       A,  Oviduct. 
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of  jeDy  called  the  basement  membrane,  and 

beneath  this  a  layer  of  muscles.  Anteriorly 
the  muscles  are  broken  up  into  numerous 
bundles  which  hll  the  cavity  o£  the  heail, 
but  in  the  trunk  and  tail  the  muscles 
form  four  distinct  bundles,  bilaterally 
arranged,  two  dorsal  and  two  venti-al. 

The  nervous  system  consists  of  a 
dorsaljy  placed  ganglion  in  the  head 
which  gives  off  two  lateral  nerves;  these 
pass  round  the  alimentary  canal  and  e)id 
in  a  ventral  ganglion  situated  (Figs.  161 
and  1C2)  near  the  centre  of  the  body. 
The  cerebral  ganglion  gives  off  nerves  to 
the  eyes,  the  olfactory  organ,  muscles, 
etc.,  and  both  it  and  the  ventral  ganglion 
are  connected  with  a  tangle  of  nerve- 
fibrils  lying  at  the  base  of  the  ecto- 
derm. A  pair  of  ej'es  exist  on  the 
upper  part  of  the  head,  and  behind 
the  eyes  an  organ  to  which  an  olfactory 
function  has  been  assigned.  This  con- 
sists of  a  ring  of  modified  ciliated  epi- 
thelium. Clumps  of  isolated  tactile  cells 
with  long  hairs  surrounded  by  supporting 
cells  are  scattered  over  the  body  and  fins 
(Fig.  102). 

The  alimentary  canal  is  simple  and 
straight.  The  mouth  —  with  one  excep- 
tion—  is  ventral  and  it  leads  into  a 
pharynx  which  traveraes  the  head;  this 
passes  into  an  intestine  lined  by  a  single 
layer  of  ciliated  epithelium,  amongst 
which  are  some  glandular  c*lls.  The  anus 
is  situated  at  the  junction  of  the  trunk 
and  the  tail,  and  —  with  one  possible  ex- 
ception—is ventral. 

In  Spadflla  marloni,  the  exception 
mentioned  in  the  preceding  pari^raph, 
there  is  a  glandular  structure  in  the  head 
which  may  be  connected  with  the  excre- 
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tioa  of  waste  nitr<^nous  material,  but  no  other  excretory  organ  is 
known  and  no  special  reapiratory  or  circulatory  organs  exist. 

The  Chaetognatha  ate  hermaphrodite.  The  paired  ovaries 
(Figs.  161  and  102)  lie  in  the  trunk  region  of  the  body  cavity, 
supi>orted  by  a  lateral  mesentery.  When  mature  they  almost  fill 
the  cavity.  The  oviduct  traverses  the  ovary.  It  is  not  known  how 
the  ova  make  their  way  into  it,  but  spermatozoa  are  sometimes 
found  inside  it,  so  that  it  acts  as  a  receptaculum  seminis.  The 
oviducts  open  to  the  exterior  at  the  upper  surface  of  the  lateral  fin, 
just  where  the  trunk  passes  into  the  tail. 


Fio.  162.  A.  Transverse  section  tlirough  a  Spadella  rcphaloptern  in  tlie  region 
of  ihe  ventral  fianRlion  x  about  i!00.  B.  Transverse  section  through  a 
Sagitla  bipunklata  in  tlie  region  of  the  ovary  x  about  120. 

a.  iQleslioe.  b.  iu  A.  Ventral  ganglion.  b.  in  B.  Ovary.  g.  in  A.  A 
ciliated  sense-organ,  c.  in  B.  Base  of  the  left  fln  whicli  has  been  cut  off. 
i.  in  A.  Adhesive  cella.  d.  in  R.  Left  ventral  muscle.  e.  in  A.  Ecto- 
derm.   «.  in  B.   Ventral  mesentery.    /.  Dorsal  mesentery,    g.  Riglii  fln. 

The  median  mesentery  of  the  trunk  region  is  continued  through 
the  tail,  dividing  its  cavity  into  two;  and  in  each  of  these  lateral 
cavities  the  cells  lining  the  body-wall  are  heaped  up  and  form  a 
testis  (j,  Fig.  161).  The  cells  divide  up  into  spermatozoa,  which 
float  in  the  coelomic  fluid  and  are  kept  in  motion  by  some  of  the 
ciliated  cells  lining  the  botly  cavity.  The  spermatozoa  escape 
tlirongh  a  pair  of  short  vasa  deferentia  which  open  on  the  one 
hand  into  the  coelom  and  on  the  other  to  the  exterior  on  the  tail. 
Each  has  on  its  course  a  well-marked  vesLcuIa  seminalis  (Fig.  161). 

The  ova  are  ti-ansparent  and  pelagic.  The  cells  destined  to 
form  the  reproductive  organs  of  the  adnlt  are  early  set  apart  and 
distinguishable.  The  developement  is  entirely  embryonic,  no  larval 
form  being  recognisable. 
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The  Chaetognatha  consist  of  three  genera,  Sagitta,  Spadella, 
and  Krohnia,  amongst  which  some  twenty-three  species  are  divided. 
The  genera  differ  from  one  another  chiefly  in  the  arrangement  of 
the  armature  on  the  head  and  in  the  disposition  of  the  fins,  which  are 
always  horizontally  placed  and  supported  by  fine  skeletal  rods.  A 
caudal  fin  exists  in  addition  to  one  {Spadella  and  Kroknia)  or  two 
(Scuiitta)  pairs  of  lateral  fins. 

The  Chaetognatha  are  with  hardly  an  exception  pelagic,  that 
is,  they  live  near  the  surface  of  the  sea,  and  as  is  usually  the  case 
with  animals  which  frequent  the  surface  of  the  ocean  they  are 
transparent.  At  certain  times  of  the  year  they  are  found  in 
incredible  numbers  swimming  on  the  surface  by  the  muscular  con- 
traction of  their  bodies,  their  fins  acting  as  balancers  and  having  no 
movement  of  tlieir  own.  At  other  seasons  they  descend  and  are 
taken  at  depths  varying  from  100  to  over  1000  fathoms.  The  cause 
of  their  descent  is  unknown.  Their  food  consists  of  Infusoria,  small 
lai'vae,  and  small  Ci-ustacea. 

The  zoological  position  of  the  Chaetognatha  is  obscure.  They 
show  no  relationship  with  any  of  the  larger  groups ;  possibly  their 
nearest  existing  allies  are  to  be  found  amongst  certain  aberrant 
Kematoda,  such  as  diaelosoma,  but  at  present  too  little  is  known 
to  make  any  close  comparison  possible. 
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Introduction  to  the  Phylum  Verteerata,  Sub-Phyla 
Hemichordata,  Cbphalochordata,  and  Urochordata 

The  Vertebrata  comprise  almost  all  the  larger  animals,  including 
Man.  The  name  simply  means  jointed  (Lat  v&rtebra, 
Chutxttnai  a  joint,  and  especially  a  bone  of  the  spinal  column), 
and  refers  to  tiie  possession  of  a  jointed  Internal 
axis  as  the  main  part  of  the  skeleton.  In  the  lowest  forms  this 
axis  is  not  developed,  but  in  place  thereof  there  is  a  smooth  elastic 
rod,  which  has  received  the  name  of  notochord,  literally  back- 
string  (Gr.  vJuTov,  back ;  )(pp8i^,  string).  In  all  the  members  of  the 
phylum  this  notochord  is  present  at  some  stage  of  developement, 
although  in  the  higher  forms  it  subsequently  becomes  surrounded 
and  obliterated  by  the  jointed  rod  or  vertebral  column.  Hence 
the  name  Chordata,  which  has  been  proposed  for  the  group,  is  really 
more  appropriate ;  but  as  the  term  Yertebrata  has  been  sanctioned 
by  long  usage  it  is  inadvisable  to  depart  from  it. 

Besides  the  possession  of  the  notochord  there  are  two  other 
features  by  which  the  Vertebrata  are  distinguished.  They  all 
possess  at  some  period  of  their  lives  slits  in  the  wall  of  the  front 
part  of  the  alimentary  canal.  These  slits  in  tlie  lower  forms  allow 
the  water  which  is  taken  in  at  the  mouth  for  purposes  of  respiration 
to  escape,  and  hence  they  are  called  gill-slits.  Further,  the 
uervous  system  takes  on  the  form  of  a  dorsal  strip  of  sensitive 
skin  —  the  medullary  plate,  which  liecomes  wholly  or  partly 
enrolled  to  form  a  tube,  the  neural  canal  or  spinal  cord. 

There  are  in  all  about  32,000  known  species  of  Vertebrata, 
including  all  the  more  familiar  animals  —  fish,  frogs,  reptiles,  birds, 
and  mammals;  so  that  the  word  animal  to  the  ordinary  mind 
generally  calls  up  the  idea  of  a  vertebrate.  Nevertheless  the 
number  of  species  is  not  much  more  than  half  that  of  the  Mollusca, 
and  is  not  a  tenth  that  of  the  described  species  of  Arthropoda, 

2fil 
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Sub-Phylum  I.     HEMICHOKDATA 

The  most  primitive  members  of  the  phylum  are  certain  worm- 
like forms,  in  which  it  has  takeu  special  research  to  discover  traces 


A  ItHlanoglossua,  Btilanocfphalug,  v.  Ilarmer,  P.  Cambridge  Sor.  x.  1900,  p.  190. 
1,    Proboacia.         2.   Collar.         3.    ■Inmlt.         4.    Mouth.         6.    Gill-Hlits. 

of  Vertebrate  structure.  They  are  marine  and  live  in  mud,  passing 
it  through  tlieir  intestines  and  extracting  nutriment  from  the 
organic  matter  it  contains:  thus  they  feed  and  move  forwards  by 
thy  same  process.  These  animals  are  termed  Hemichoidata  (Or. 
^fu,  half)  on  account  of  the  short  iiidimentary  notochord  wliich  they 
possess.      Sometimes  they  are  called  Enteropneusta  (Gr.  x-vtCfia, 


.Goot^lc 


Xiri.]  BALASOGL08SU8  293 

breath)  becanse,  like  all  Vertebrata,  they  use  the  anterior  portion 
of  the  gut  for  breathing.  There  are  several  genera,  Plychodera, 
Cltlamydothomje,  and  others ;  the  name  Balanoglossus  is  used  as  a 
seuai-popular  name  for  any  species  of  Hemichordata. 

The  body  of  the  animal  is  divided  into  three  portions :  (1)  a 
conical  anterior  part  in  front  of  the  mouth,  the  proboscis;  (2)  a 
swollen  cylindrical  portion  immediately  behind  the  mouth,  the 
collar;  and  (3)  a  long  trunk,  at  the  end  of  which  is  the  anus. 

The  proboscis  contains  one,  and  the  collar  and  trunk  each  a  pair 
of  special  sections  of  the  coelom  or  body  cavity.  The  coelomic  sacs 
of  the  proboscis  and  collar  communicate  with  the  exterior  by  ciliated 
tubes, the  proboscis  and  collar  pores  (Figs.  164  and  165).  The 
cilia  produce  currents  setting  inwards,  and  thus  the  collar  and 
proboscis  are  kept  swollen  up  and  tense  with  water  and  form  efficient 
burrowing  instruments.  If  a  lialauoglossus  be  removed  from  the 
water  and  laid  upon  damp  sand  it  is  incapable  of  burrowing  and 
wriggles  helplessly  about.  As  soon  however  as  it  is  covered  by 
water  the  proboscis  and  collar  are  seen  to  dilate  and  become  stiff, 
and  the  proboscis  is  then  inserted  into  the  sand,  soon  followed  by 
the  collar,  whilst  the  trunk  is  dragged  passively  after  them.  As  the 
walls  of  both  proboscis  and  collar  are  highly  muscular  the  water  can 
be  expelled  through  the  pores,  and  the  volume  of  these  regions 
of  the  body  diminished,  but  the  action  of  the  cilia  soon  swells  them 
up  again.  On  the  hinder  wall  of  the  proboscis  cavity  there  is  a 
puckered  membrane  richly  supplied  with  blood-vessels,  which  is 
called  the  glomerulus  and  appears  to  act  as  a  kidney.  When  the 
water  in  the  cavity  has  become  impregnated  with  excretory  products 
it  is  expelled  as  explained  above  by  a  muscular  contraction. 

The  alimentary  canal  runs  straight  from  the  mouth  on  the 
anterior  surface  of  the  collar  region  to  the  posterior  end  of  the 
trunk;  there  is  neither  stomodaeum  nor  proctodaeum.  In  most 
s])ecies,  in  the  anterior  part  of  the  trunk  the  canal  has  an  0-shape 
in  section,  being  partially  constricted  into  two  tubes,  an  upper  or 
branchial  into  which  the  gill-slits  open,  and  a  lower  or  oesophageal 
along  which  the  mud  is  passed  which  the  animal  has  swallowed  for 
food.  The  notochord  is  a  hollow  tube  of  cells  surrounded  by  a 
tough  membrane  much  thickened  beneath  (Fig.  1G4).  This  tube 
opens  into  the  alimentary  canal  in  the  collar  region  and  projects 
forward  into  the  proboscis  as  a  support  for  this  organ,  which  is 
attached  by  a  very  narrow  neck  to  the  collar.  The  whole  akin  is 
sensitive,  since  there  is  everywhere  a  layer  of  nerve-fibrils  under- 
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lying  the  ectoderm  cells,  but  this  fibrillar  layer  is  especially  thickened 
along  the  mid-dorsal  and  mid-ventral  lines  of  the  trunk,  these  two 
regions  being  connected  by  a  ring  of  nervous  tissue  immediately 
behind  the  collar.  The  dorsal  thickening  alone  is  continued  into 
the  collar  region,  and  here  it  becomes  rolled  up  so  as  to  constitute 
a  short  neural  tube  (Fig.  164)  which  becomes  detached  from  the 


Fio.  164.  Longitudinal  vertical  section  through  the  middle  line  of  Ptf/chodera. 
Diagram  inatic. 

1.  Proboscis,  2.  Collar.  3.  Trunk.  4.  Proboscis  cavity.  6.  Glomerulns. 
6.  Pericardium.  T.  Heart.  8.  Proboscis  pore.  9.  Collar  cavity. 
10.  Mouth.  11.  Nolochord.  12.  Doraal  blood-vessel.  13.  Oesopha- 
geal portion  of  alimentary  canal.  14.  Braucbial  region  of  alimentary 
canal.  15.  Ventral  blood-vessel.  16.  Gill-slltg  showing  external  and 
internal  openings ;  the  ouUiaes  of  the  eiclernal  openings  ar«  dotted. 
IT.  Central  nervous  system.  IS.   Dorsal  roots  of  nervous  sy6i«m. 

IB.  Ventral  pocket  of  proboscis  cavity. 


ectoderm  and  assumes  a  deeper  position,  i-etaining  however  a  con- 
nection with  the  ectoderm  through  three  strings  of  cells  with  a 

fibrillar  sheath,  known  as  dorsal  roots  (18,  Fig.  164). 

There  are  very  numerous  gill-slits  opening  into  the  alimentary 
canal,  in  the  front  part  of  the  trunk  region ;  they  ought  rather  to  be 
called  pouches  with  a  small  outer  and  a  large  inner  opening.  The 
inner  opening  of  each  pouch  is  divided  almost  into  two  by  a  tongue 
projecting  down  from  its  dorsal  edge,  the  so-called  tongue-bar. 
This  tongue-bar  is  specially  richly  supplied  with  blood-vessels  and 
so  may  be  regarded  as  the  principal  respiratory  organ.  The  blood- 
vessels are  destitute  in  most  eases  of  any  proper  wall :  they  are  as 
it  were  mere  chinks  between  the  epithelial  walls  of  the  gtit,  coelom, 
and  skin.  There  is  however  a  well-defined  dorsal  channel,  running 
forward  into  the  kidney,  which  is  contractile,  the  contractility  being 
confined  to  the  front  end  of  the  collar  where  there  is  a  closed  sac 
with  muscular  walls,  which  pulsate  rhythmically,  situated  beneath 
the  blood-vessel.     The  sac  is  termed   the   pericardium,  and  the 
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dilated  part  of  the  blood-vessel  above 
it,  the  heart.  This  dorsal  vessel  com- 
municates with  a  ventral  vessel  in  the 
trunk  region  by  two  descending  curved 
vessels  at  the  sides  of  the  collar. 
Each  of  the  coelomic  cavities  of  the 
trunk  sends  forward  into  the  collar 
region  a  narrow  tongne  lying  at  the 
side  of  the  blood-vessel.  These  tubes, 
from  their  relation  to  the  vessel,  are 
called  perihaemal  tubes  (Gr.  xtpi', 
around ;  a'lta,  blood). 

The  sexual  organs  or  gonads  are 
mere  packets  of  cells  in  the  gill  region 
ajid  behind  it,  developed  from  the 
wall  of  the  trunk  coelom  (Fig.  ir>5). 
£ach  when  ripe  forms  its  own  opening 
through  the  body-wall. 

One  point  of  great  interest  attach- 
ing to  the  Hemichordata  is  that  they 
commence  life  as  free-awimming  larvae, 
resembling  the  larvae  of  the  Ecliino- 
dermata,  and  suggesting  the  thought 
that  perhaps  two  such  different  groups 
as  the  Vertebrata  and  Echinodermata 
may  have  descended  by  different  paths 
from  the  same  simple  free-swimming 


Fio.  1(15.  Longitudinal  hori- 
zonUil  section  through  Plj/- 
ckodera.     Diagrammatic. 

1,  Proboscis.  2.  Collar.  3.  Trunk. 
4.  Proboscis  cavity.  5.  Glo- 
merulUB.  6.  Pericardium. 
7.  Heart.  8.  Proboacia  pore, 
e.  Collar  cavity.  10.  Peri- 
haemal cavity.  II.  Collar 
pore.  \2.  DorBftl  blood- 

vessel. 13,  Alimentary  canal. 
14.  Branchial  sac  with  exter- 
nal opening.  16.  Reproduc- 
tive organs. 


Sub-Phylum  II.    CEPHALOCHORDATA 

Leaving  the  Hemichordata  we  next  come  to  some  small  fish-like 
animals,  the  Cephaloehordata,  which  were  formerly  all  included 
nnder  the  name  Ampkioxiis,  and  indeed  there  is  no  very  strong 
reason  for  breaking  up  this  old  genus.  The  name  Amphwxus  {&ii.<^i, 
at  both  ends ;  iJ£w,  sharp)  refers  to  the  shape  of  the  body,  which 
is  long,  flattened,  and  pointed  at  both  ends.  It  is  remarkable  that 
we  here  meet  for  the  first  time  with  a  shape  very  common  among 
Vertebrates,  but  almost  absolutely  unknown  elsewhere  in  the  animal 
kingdom,  viz.  a  laterally  compressed  form  with  narrow  ventral  and 
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dorsal  regions  and  deep  sides.     It  is  common  to  find  animals  with 
broad  backs  and  bellies  and  narrow  sides,  but  only  Vertebrates  show 


FiQ,  166.  Ampkioxug  lanceolalus  from  ihe  left  Bide,  about  twice  natural  size. 
After  Lankester.  The  ^ouadic  pouches  are  seen  by  transparency  through 
the  body-wall ;  the  atrium  is  expanded  so  that  its  floor  projects  below  tlie 
inetapleural  fold  ;  the  fin-rays  of  the  ventral  fiti  are  indicated  between  the 
atrial  pore  and  anus.  The  dark  spot  at  the  base  of  the  fifty-second 
myotome  represents  Uio  anus. 


Fio.  107. 

A.  Velum  of  Amphlnitis  seen  from  the 

inside  of  the  pharynx.     After  LaD- 

kcster. 
v.sp.   sphincter  muscle  of  velum. 
v.C.  velar  tentacles  lylog  across  the  oral 

opening. 

B.  Oral  cartilages  of  ^tnpAioru*.  After 
J.  Mliller.  The  basal  pieces  lie  end 
to  end  in  the  margin  of  oral  hood, 
and  each  basal  piece  sends  up  an 
axial  process  into  the  corresponding 
oral  cirrus. 


the  reverse  condition.  In  con- 
sequence of  this  peculiar 
shape  Amphio3:iis  falls  on  its 
side  when  it  ceases  moving. 
It  burrows  in  the  sand,  lying 
with  its  mouth  just  protrud- 
ing, and  as  its  lips  are  fringed 
with  ciliated  rods  (Fig.  167) 
a  current  is  produced  which 
brings  new  water  to  the  gills 
and  with  it  small  swimming 
organisms  which  serve  as  food. 
At  night  Arai>kioxns  often 
leaves  its  burrow  and  swims 
about,  returning  instantly  to 
the  sand  if  alarmed.  It  can 
burrow  with  either  the  head 
or  tail. 

The  notochord  is  a 
smooth  cylindrical  i-od  tying 
above  the  gut  and  running 
from  end  to  end  of  the  animal. 
It  consists  of  cells,  much  of 
whose  body  is  changed  into 
a  gelatinous  substance,  and 
which  are  surrounded  by  an 
exceedingly  firm  membrane 
termed  the  chordal  aheath. 
In  the  embryo  the  notochord 
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first  appears  as  a  groove  in  the  dorsal  wall  of  the  gut,  so  that  we 
may  say  that  the  notochord  of  the  Hemichoi'data  retains  a  form 
which  IS  passed  through  in  developement  by  that  of  AviphioTus. 

In  the  very  young  embryo  also  an  indication  is  seen  of  tlie  divi- 
sion of  the  body  into  the  same  three  regions  as  we  found  in  the 
Hemichordata.  Just  as  in  the  embryo  of  Balanoglossiis  so  here,  the 
embryonic  gut  gives  rise  to  live  outgrowths  from  which  the  coelom  of 


Fio.  168.     Dlagrammtitlc  longitudinal  seclion  of  an  embryo  of  Amphioxua. 
1.   N«iiTopore — anUrior  opening  of  tbe  neuml  canal.  2.   Neural  canal. 

i.    Neurenteric  canal.  4.   Coelotuic  groove.  6.   Somite  divideil  ott 

from  coelouiic  groove.        6.    Collar  cavily.         7.   Head  cavity.         8.  Ali- 
mentary canal. 

the  adult  is  derived.  These  outgrowths  are  (1)  a  median  anterior 
unpaired  pouch,  the  so-called  head  cavity,  corresponding  to  the 
proboscis  cavity  of  Balanoglossus ;  (2)  an  anterior  pair  of  ])ouches, 
"  the  collar  cavities,"  corresponding  to  the  similarly  named  sections 
of  the  coelom  of  Balanoglossus  ;  and  finally  (3)  a  pair  of  groove-like 
extensions  of  the  dorso-lateral  angles  of  the  gut  cavity,  called  the 
coelomic  grooves,  developed  only  at  the  hinder  end  of  the  gut. 
From  the  last-named  the  coelom  of  most  of  the  body  arises,  and 
they  correspond  to  the  trunk  coelom  of  Balanoglossus  (Fig.  168). 
The  proboscis  or  prae-oral  I'egion  is  however  very  small  and  l>ent 
down  ventrally,  its  cavity  becomes  practically  entirely  obliterated 
in  the  adult.  Uorsally  the  collar  region  is  narrow  from  before 
backwards,  but  it  extends  obliquely  downwards  and  backwards, 
causing  a  slight  ridge  to  appear  at  the  side  of  the  body.  This 
ridge  grows  out  on  each  side  into  a  flap,  which  meets  its  fellow 
beneath  the  ventral  wall  of  the  body,  and  thus  they  enclose  a  space, 
the  so-called  atrial  cavity  (Figs.  170, 171).  This  still  communi- 
cates with  the  exterior  behind  through  the  atrial  pore.  The  gill- 
slits,  which  occur  in  the  front  part  of  the  trunk  region,  open  into 
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this  atrial  cavity.  The  atrial  flaps,  enclosing  the  atrial  cavity,  are 
an  obvious  arrangement  by  which  the  slits  are  saved  from  being 
choked  with  the  sand  in  which  the  creature  lives.  In  the  Hemicbor- 
datathe  hinder  end  of  the  collar  region  may  extend  over  one  or  two 
gill-slits;  the  arrangement  In  Amphioxus  may  be  regarded  as  a 
further  developement  of  this  state  of  affairs.  As  in  the  case  of 
Hemichordata,  the  slits  of  Amphioxus  are  divided  into  two,  by  a 
tongue-bar  reaching  from  the  upper  margin  almost  to  the  bottom 
of  the  slit.     Each  slit  thus  becomes  U-shaped  (Figs.  169,  172). 


at.  Atrial  cavity,      ei.  Oral  cirri,      rh.  Notochord.      d.f.  Dorsal  fln-chambera. 
e.    Eye-spot.  end.  EndoBtyle.  hep.    OutgrowinB  liver  ;  Uie  index 

line  pasaea  through  one  of  J.  Milller's  renal  papillae.         met.   Metapleural 
fold.  npft.    Nephrldia.  nt.    Spinal  cord,  olf.    Olfactory  pit. 

ph.b.  Peripharyngeal  ciliated  band.         lb.    Toague-bars.        vel.  Velum. 

The  upper  and  anterior  portion  of  the  collar  cavity  becomes 
separated  from  the  rest :  its  inner  walls  thicken  and  develope  into 
a  powerful  longitudinal  muscle  which  forms  the  first  myotome 
(Gr.  fivi,  mouse,  muscle ;  ro^ot,  a  division). 

The  trunk  coelomic  cavity  breaks  up  from  the  beginning  into  a 
series  of  pouches  called  som  ites.each  of  which  subsequentlydivides 
into  an  upper  and  an  under  part.  The  inner  walls  of  the  upper 
parts  undergo  a  similar  change  to  that  experienced  by  the  corre- 
sponding part  of  the  collar  cavity  forming  a  series  of  myotomes. 
The  name  myotome  is  given  to  each  of  the  me  tam  erica  lly  arranged 
bundles  of  muscle-fibres.  Each  myotome  is  separated  from  the  next 
by  a  connective-tissue  partition.  In  Amphioxus  the  myotomes  of 
the  right  side  alternate  with  those  of  the  left,  so  that  the  centre  of 
a  myotome  on  one  side  is  opposite  the  connective-tissue  partition 
on  the  other.  Each  is  V-shaped,  and  they  are  arranged  so  <^  , 
Hence  in  a  transverse  section  several  myotomes  are  seen  on  each 


^aovGoOt^lc 


XIII.]  MYOTOMES  299 

aide  of  the  body.  Thus  we  have  two  great  series  of  loDgitudinal 
muscles  broken  up  into  myotomes,  one  on  each  side  of  the  animal, 
by  the  alternate  contraction  of  which  powerful  side-strokes  of  the 


Fio,  ITO.  Dlapraramfttlc  trausverse  section  through  pharyngeal  repon  of 
female  Amphioxus.     Afler  Lankester  and  lioveri,  from  li.  Hertwig. 

at.  Atrial  cavity,  e.  Dorsal  coelom,  separated  from  atrial  cavity  by  ihe  double- 
layered  membraae  known  as  the  liyaiaeiitiim  iteiiticultiliim.  ch.  Noto- 

chord.  d.ii.   Sensory  nerve.  e.   Endostyle,  below  which  is  the 

endoslylar  coelom  containing  the  ventral  aoru.  /.  Fin-ray  of  dorsal 

fin.  g.  Gnomadic  pouch  containing  ova.  h.v.  Hepatic  vein  lying  in 
tbe  narrow  coelomlc  apace  which  surrounds  I,  the  liver  ur  hepatic  cufcuu. 
I. a.  Left  aorta  separated  from  the  right  aorU  by  the  hyperpliaryngeal 
(epibranchial)  groove.  lu.    Lymph-space.         tap.    Metapleural  fold. 

my.  Longitudinal  muscles  of  myotomes;  over  against  the  dorsal  cneloin 
these  muscles  are  arranged  vertically,  and  form  the  rectus  abdomiuiit  of 
Schneider.  n.(.    Spinal  cord.  p.   Pharynx.  r.    Nephrldiutn. 

t.m.  Traneveree  or  subatrlal  muscles.  t>.n.    Motor  spinal  nerve,  the 

fibres  of  which  have  the  appearance  of  passing  directly  into  the  muscle 
fibres.  N.B.  Tlie  connective  tissue  (cutis,  nolnchordal  sheath,  etc.)  and 
the  coelomic  epithelium  are  indicated  by  the  black  lines. 


^aovGoOt^lc 


800  CEPHALOCHORUATA  [CHAP. 

flat  body  propel  the  animal  forwards.  The  elasticity  of  the  notochord 
acts  like  a  fly-wheel  in  storing 
the  force  during  the  latter 
part  of  each  stroke,  and  re- 
inforcing each  sti-oke  at  its 
commencement.  The  cavity 
of  the  upper  division  of  the 
somite  persists  throughout 
life,  and  is  known  as  the 
myocoel  (15,  Fig.  179),  the 
fold  separating  it  from  the 
cavity  of  the  lower  division 
being  termed  the  iatercoe- 
lie  membrane  (i.m.  Figs, 
171  and  177). 

The  lower  portions  of  the 
somites  fuse  with  one  another 
and  form  a  continuous  body 
cavity  round  the  hinder  part 
of  the  alimentary  canal  (ft.c. 
Fig.  171).  In  front,  owing  to 
the  presence  of  gill-alits,  there 
are  formed  a  right  and  a  left 
dorsal   coelomic  cana),  and  a 

Fio.  171,     TranBTerse  Beciion  through     ventral  coelomic  tube,  or  en- 

'     " *  -■---      After  I.ankester     gal  and  ventral  portions  com- 
municating witli  one  another 
i,  that  ■ 


in  floor  of  B 
and  Willey. 
ao.  Aorta.    a(.  Atrial  cavity.   L.v.  ^^j      ,  .,.,,> 

ivity  (coelom).    e.e.  Central  canalof     by  spaces  in  the  giU-h 


1  the  pieces  of  body-wall 


nerve-cord  (ii.c).  ch.  Notochord. 

d/.c.   Fiu-cavity.  I'.ni.  Intercoelic      .    ,  ■         .    ,  i.         ■„ 

membrane,    int.  Iniestiiie.    I.m.  and     intervening  between   the  gill- 

r.m.  Left  and  right  metapleural  folds,     slits.    These  spaces  are  termed 

r.p.  One  of  J.  Mtlller's  renal  papillae.      ,  i.  -    i  i         -  i 

f.i.v.  Sub-intestinal  vein.  branchial  coelomic  canals. 

Although  at  first  formed  from 

backward  prolongations  of  the  collar  region,  the  atrial  flaps  soon 

become  invaded  by  the  lower  ends  of  the  trunk  myotomes;  the 

ventral  muscle,  however,  running  across  the  under  surface  of  the 

atrial  cavity  (Fig.  170),  and  which  by  contracting  diminishes  its 

size  and  thus  expels  water,  originates  from  the  walls  of  the  lower 

portions  of  the  collar  cavity. 

The  mouth  is  originally  some  distance  behind  the  anterior  end. 
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so  tliat  there  is  a,  prae-oral  portion  of  tlie  body  which  in  the  embryo 
is  occupied  by  an  anterior  division  of  the  coelom  corresponding  to 


Fio.  172.  Anterior  portion  of  body  of  young 
transparent  Aniphioxui.  After  J.  Milller, 
siiglitiy  altered. 

cA.  Notochord.  ci.  Oral  cirri.        e.  Eye- 

spot,  end.  Endostyle.  f.r.  Fln-rnyB. 
g.s.  Gill-slits;  the  skeletal  rods  of  the 
gilt-bara  are  lodicated  by  black  lines. 
III.  Spinal  cord,  with  pigment  granules  near 
iiM  tase.  r.a.  Downgrowtli  from  right 
aorta  lying  to  the  rigbt  of  vet.  the  velum ; 
with  velar  tentacles  projecting  back  into 
larynx.  «r.o.  Ciliated  epithelial  tracts 
on  inner  surface  of  oral  hood. 


the  proboscis  cavity  of  the  Hemichordata. 
Subsequently   however   the    atrial   flaps  ^"»- '''■'■  Anterior  portion  of 
?    .   ,  ,,  ,  , '^         spmal  cordof  j4nipAfoii(j; 

extend  right  to  the  anterior  end,  so  that  geen  from  above.  After 
a  new  terminal  mouth  ia  formed  leading  Schneider. 
into  a  chamber  which  is  clothed  by  ecto-  ^*^^^^  '^.ecve?'  ir'see^n 
derm  and  which  is  therefore  to  be  re-  the  eye-spot ;  one  of  the 
garded  as  the  atomodaeum.  The 
opening  of  the  stomodaeum  now  forms 
the  apparent  month,  and  the  lips  of  this 
secondary  mouth  grow  out  into  rods 
supported  by  gelatinous  material  and 
covered  with  cilia,  the  so-called  oral 
cirri,  the  function  of  which  has  been  already  explained  (Fig.  167). 
The  walls  of  the  stomodaeum  are  known  collectively  as  the  oral 
hood.  The  position  of  the  primary  mouth  is  still  marked  by  a 
projecting  Up,  the  velum,  which  is  produced  into  ton  or  twelve 
delicate  tentacles.  These  form  a  filter  to  prevent  coarse  material 
from  reaching  the  alimentary  canal. 


branches  of  the  second 
pair  of  cranial  nerves 
sometimes  arises  directly 
from  the  spinal  cord  as 
shown  on  l^e  right ;  far- 
ther back  are  seen  the  pig- 
ment spots  of  the  nerve- 
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The  nervous  system  is  a  simple  tube  with  thick  walls  and  very 
narrow  cavity.  It  is  almost  as  extended  as  the  notochord,  and  lies 
above  it.  It  does  not  however  quite  reach  the  front  end  of  the 
body.  Its  extreme  front  tip  is  called  the  cerebral  vesicle ;  it  has 
a  wide  cavity  with  thin  walls,  so  tliat  the  total  diameter  is  not 
increased.     There  is  a  pit  reaching  down  to  it  from  the  external 


Fio.  IT4.  Mediim  vertical  aectioii  through  the  cerebral  vesicle  ol  Amphloxiu. 

AfU;r  Kupiter. 
e.v.  Cavity  of  cerebral  Tesicle.      «.  Eye-epot.      g.e.  Dorsal  group  of  ganglion 
cells.         inf.  Infundibulum.         l.o.  Olfactory  lobe.         tp.  Tuberculum 

skin,  possibly  a  rudimentary  olfactory  organ  (Fig.  174),  and  in  the 
walls  of  the  vesicle  itself  is  a  mass  of  pigmented  cells  forming  an 
eye-spot.  In  the  young  larval  Ampkioxus  this  part  of  the  nerve- 
tube  remains  for  a  considerable  time  as  an  uncovered  medullary 
plate,  and  one  is  inclined  to  imagine  that  it  corresponds  to  the 
sensitive  nervous  surface  of  the  proboscis  in  the  Heinichordata, 
since  in  the  larvae  of  these  animals  there  is  a  seusitive  j)late  with 
two  eye-spots  at  the  apex  of  the  prae-oral  lobe.  In  the  wall  of  the 
nerve-tube  are  to  be  fonnd  two  kinds  of  nerve-cells,  viz.  (a)  ordinary 
small  nerve-cells,  the  processes  of  which  soon  pass  outwards  into 
the  peripheral  nerves,  and  (6)  very  large  nerve-cells,  the  processes  of 
which  extend  almost  throughout  the  entire  length  of  the  nerve-tube. 
The  processes  of  the  latter  kind  of  cell  are  called  "  giant  fibres  " 
(jf.f^  and  g.f*,  Fig.  175) :  they  appear  to  have  to  do  with  regulating 
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the  concerted  muscular  mOTementa  of  the  animal.  Besides  the 
nerve-cells,  as  in  all  nervous  systems,  there  are  a  certain  number  of 
supporting  cells  (s./,  Fig.  175).  In  the  embryo  of  Amphioxus  the 
whole  wall  of  the  nerve-tube  consists  of  a  single  layer  of  cells,  all  of 
which  abut  on  the  cavity  of  the  tube ;  many  of  these  cells  become 


Fio.   175.     TranBverBe  eecCion  through  the  spinal  cord  of  Amphioxus  in  the 

middle  region  oC  tjie  body.    After  Rolide. 
a.  Giant  flbre.       e.c.  Central  ciuial.     gf-     Giant  nerve-fibres,  which  traverse 

the  epinal  cord  from  before  backwards.        gf*.  Giant  nerve-fibres,  wliich 

traverse  the  spinal  cord  from  behind  forirards.        nt.p.  Muscle  plates,  i.e. 

terminationB  of  Ihe  nerve-fibres  on  the  muscles,    m.r.  Motor  nerve-tibres. 

n.f.    Longitudinal    nerve-fibres  cut  across.  s/.    Supporting  cells. 

th.     Sheath  of  iierve-conl. 

afterwards  transformed  into  small  round  nerve-cells,  and  recede  from 
the  cavity,  assuming  a  more  peripheral  position  :  but  others  retain 
their  connection  with  the  cavity  and  become  drawn  out  into  fibre- 
like supporting  cells.  From  the  nerve-cord  are  given  off  two  kinds 
of  nerves,  but  not  at  the  same  level,  so  that  in  a  transverse  section 
one  kind  only  is  seen.  These  are:  —  (I)  sensory  nerves,  going 
directly  to  the  skin  and  having  a  dorsal  origin ;  (2)  motor  nerves, 
going  to  the  myotomes.  The  nervous  tube  and  the  alimentary 
canal,  at  first  both  reach  to  the  extreme  posterior  end  of  the  body 
and  here  are  connected  by  a  vertical  tube,  the  neureuteric  canal. 
On  the  course  of  this  tube  the  anus  is  formed.  As  developement 
proceeds  the  anus  slowly  shifts  forwards  and  the  neurenteric  canal 
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becomes  a  solid  string  of  celts  and  disappears.    Thus  is  initiated  the 
formation  of  a  tail,  by  which  term  is  denoted  a  portion  of  the  body 
devoted  entirely  to  locomotion  and  freed  from  all  part  of  the  gut, 
being  filled  only  with  muscles.     Thetailof.iiin/>Atoxu3  only  acquires 
a  very  limited  developement,  but  it  Boon  becomes  surrounded  by  a 
tail-fin,  at  first  merely  made  up  of  the  enlarged  skin  cells,  but  soon 
'  becoming  a  flap  containing  gelatinous  material.  A  similar  fold  along 
the  middle  line  of  the  back 
forms  the    dorsal    lin,     in 
which,  in  the  larva,  there 
are  a  series  of  metamerically 
arranged  cavities  lined  by 
distinct   epithelium,    prob- 
ably    derivatives    of    the 
myocoelic     cavities    (d./.c. 
Fig.  171),    There  are  also 
lowiin  folds  projecting  from 
the  sides  of  the  atrial  cavity 
and  constituting  the  lateral 
or   meta pleural    fins    (Fig. 
170),  and  a  median  ventral 
fold  between  the  atrial  pore 
and  anus,  called  the  ven- 
tral fin    (Fig.  166).      The 
dorsal  and  ventral  fins  are 
stiffened  by   a  number   of 
gelatinous    rods  more   nu- 
merous than  the  myotomes 
of  thecorresponding  regions 
of  the  body. 

The  alimentary  canal  of 
Ampltioxits  is  a  perfectly 
straight  tube  consisting  of 
stomodaeum  or  mouth 
pharynx  or  bran- 
chial gut,  and  intestine  or  digestive  gut  The  pharyns  has 
along  both  dorsal  and  ventral  middle  lines  grooves  lined  with  cilia 
connected  with  each  other  by  a  circular  groove  just  inside  the  velum 
or  true  mouth.  The  ventral  groove  is  called  the  Endostyle  or 
Hypopharyngeal  groove,  the  upper  groove  is  termed  the  Hy- 
per pharyngeal,  and  the  connecting  groove  the  Peripharyngeal 
band  (Figs.  169, 170,172).   The  function  of  these  grooves  is  curious. 


Fio.  176.  Nephridlum  of  the  left  side,  with 
the  neigfabouTlng  portion  of  the  pharyngeal 
wall,  aa  Been  in  the  living  condition.  The 
round  bodies  in  tlie  wall  of  the  tubula 
represent  carmine  granules.  H^hly  mag- 
nified.   After  Boveri. 
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The  endostyle  produces  a  cord  of  mucus  which  is  worked  forwards 
by  its  cilia  and  pressed  up  thb  sides  of  the  peripharyngeal  bands. 
Here  it  is  caught  by  the  inrushing  eui-rent  of  water  produced  by  the 
cilia  of  the  oral  cirri  and  swept  back  along  the  hyperpharyngeal 
groove  to  the  opening  of  the  intestine,  entangling  in  its  passage  the 
small  plants  and  animals  carried  by  the  water ;  the  latter  of  course 
escapes  into  the  atrial  cavity  through  the  hundred  or  so  long  narrow 
gill-slits.  The  intestine  is  prolonged  forward  on  the  right  side  of  the 
pharynx  into  a  blind  pouch,  the  so^alled  liver  (i,  Fig.  178),  which 
probably  secretes  a  digestive  juice. 


Fid.  ITT.  Portion  of  transversa  section  liirougii  the  pharynx  of  Ampltloxua, 
to  show  position  of  excretory  tubule.     After  Weiss. 

oo.  Left  aorta.  at.  Atrial  cavity.         at.e.   Atrial  epithelliun.     c.  Coelom. 

eh.  Notodioid.  i.m.  InUrcoelic  membrane.  Id.  Dorsal  wsti  of  atrial 
cavity.  nph.  Nephridium.  p.b.  Gill-bar.         ph.e.  Kphitlieliuu) 

of  hyperptiaryni^eal  groove.  ph.f.  Fold  attached  to  gill-bar  containing 
branchial  coeloniic  canal.     $.ck.  Sheath  of  notochord.       t.b.  Tougue-tiar. 

The  excretory  organs  of  Ampkioxtts  are  small  and  have  only 
recently  been  discovered.  We  have  seen  that  in  the  region  of 
the  pharynx  the  coelom  has  become  reduced  to  a  narrow  canal, 
beneath  the  pharynx,  and  to  two  dorsal  canals  at  the  sides  of  the 
notochord  (Figs.  170,  177).  These  latter  canals  have  at  the  level 
of  each  tongue-bar  a  wide  funnel  leading  into  a  short  tube  connecting 
them  with  the  atrial  cavity.  The  edges  of  the  funnel  are  supported 
by  strings  crossing  the  coelomic  canal  and  iuserted  in  its  wall. 
These  tubes  are  the  nephrtdia  and  taken  collectively  constitute 
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the  kidney.  It  has  been  proved  that  carmine  injected  into  the 
animal  is  excreted  by  them.  Besides  these  a  number  of  thickened 
patches  of  the  atrial  epthelium,  discovei-ed 
by  Johannes  Muller  and  called  by  him 
renal  papillae,  are  thought  to  assist  in 
excretion  (Figs.  169  and  171). 

The  blood  system  is  exceedingly  sim- 
ple. The  blood  from  the  alimentary  canal 
is  brought  back  by  a  sub- intestinal  vein 
which  like  a  broad  river  is  often  subdi- 
vided into  two  or  three  parallel  channels 
which  then  reunite  with  one  another; 
in  a  word  it  is  more  a  plexus  than  a 
tube.  It  runs  to  the  tip  of  the  liver  on 
its  outer  side,  returns  on  its  inner  side, 
and  pursues  its  course  then  as  a  single 
channel  under  the  pharynx,  where  it  is 
calledthe  ventral  aorta.  Inthisregion 
it  is  contractile,  deriving  its  muscles  from 
the  walls  of  the  ventral  coelomic  tube. 
Vertical  branchial  vessels  called  arterial 
arches  are  given  off ;  these  ascend  in  the 
gill  septa,  that  is,  the  portions  of  the  wall 
of  the  pharynx  intervening  between  the 
gill-slits.  Arriving  at  the  dorsal  line  of 
the  pharynx  these  vessels  empty  into  two 
longitudinal  vessels,  the  dorsal  aortae, 
which  further  back  unite  into  one  (Figs. 
170  and  171).  The  tongue-bars  also 
contain  vessels  emptying  into  the  dorsal 
aortae;  these  communicate  with  the 
branchial  vessels  through  what  are  called 
synapticulae,  that  is,  cross  pieres 
tying  the  tongue-bar  to  both  sides  of 
the  gill-slit  which  it  divides  (Fig.  172). 

Both  gill-bar  and  tongue-bar  are 
strengthened  with  rods  of  gelatinous 
tissue.  These  are  the  precursors  of  the 
visceral  arches,  which  form  such  an 
important  part  of  the  skeleton  in  the 
higher  Vertebrata.     Similar  gelatinous  tissue  forms  the  rays  of 


Fto.  178.  AmpMoxui  df&- 
sected  from  the  venlral 
ijidex2.  Afier  li&ihke, 
Blighlly  altered. 

an.  Anns.  at.  Position  of 
atrial  pore;  the  extension 
of  the  atrium  behind  tliis 
point  is  indicated  by  the 
dotted  line  passinfc over  to 
the  right  aide  of  t,  the 
intestine,  e.  Endostyle, 
a.  Gonadic  pouchen.  I. 
Liver.  HI.  Entrance  lo 
mouth  with  the  oral  cirri 
lying  over  it.  p.  Pharynx, 
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the  dorsal  and  ventral  fins,  the  sheaths  of  the  notoehord  and 
nerve-cord,  and  the  dermis.  It  differs  from  ordinary  connective- 
tissue  in  that  although  it  consists  of  a  ground  substance  with  a 
deposit  of  fibres  in  it,  it  contains  no  amoebocytes  or  "connective- 
tissue  corpuscles."  The  fibres  in  ordinary  connective-tissue  are 
largely  if  not  entirely  produced  by  the  metabolic  activity  of  the 
amoebocytes;  but  in  Amphioxus  it  appears  that  they  are  produced 


Fic.  1T9,    Diagrammatic  transverse  section  of  Amphioxus  to  show  the  relation 

of  the  excretory  and  genital  organs. 
1.  Nerve-cord.  2.  Notoehord.         .1.  Myotome.         4.  Hollow  Bclerotonie. 

6,  Gonadic  pouch.  6.  Dorsal  coelouiic  canal,  7.  Nephridium. 

B.  Branchial  coelouiic  canal  in  gill-bar.  9.  Endostylar  coelum. 

10.  rharynx.  11.  llyperpharyngeal  groove.  li.  Kndoatjie. 

13.  Dorsal  aorta.  14.  Atrial  cavity.         IS.   Myocoel. 

by  the  cells  of  the  coelom,  ectoderm,  and  eudoderin,  which  adjoin 
the  connective-tissue.  Thus  the  sheath  of  the  notoehord  is  deposited 
partly  by  the  cells  of  the  notoehord,  but  chiefly  by  a  hollow  owU 
growth  from  the  myotome  called  the  sclerotome  (4,  Fig.  179),  the 
fin-ray  by  a  coelomie  sac  (d./c.  Fig.  171)  which  disappears  in  the 


^aovGoOt^lc 


308  UROCHORDATA  [CHAP. 

adult,  the  rods  of  the  gill  aod  tongue-bars  largely  bj  the  epithelium 
of  the  pharynx.  The  connective-tissue  of  the  Cephalochordata  is 
therefore  in  a  peculiarly  interesting  primitive  condition;  and  that 
of  the  Hemichordata  has  the  same  structure. 

The  reproductive  organs  are  very  simple  in  construction.  The 
sexes  are  separate,  and  ovaries  and  testes  closely  resemble  each 
other  in  external  appearance  (Fig.  178).  They  take  the  form  of 
squarish  masses,  called  gonadic  pouches,  embedded  in  the  outer 
walls  of  the  atrial  cavity.  When  ripe  they  burst  into  the  atrial 
cavity,  the  eggs  escape  through  the  mouth  or  atrial  pore,  the 
spermatozoa  through  the  atrial  pore.  The  fertilised  egg  developes 
into  a  free-swimming  larva  of  a  remarkable  form.  There  are 
no  atrial  folds  covering  the  gills,  but  one  set  of  slits  is  developed 
long  before  the  other,  and  the  mouth  appears  on  the  right  side. 
It  has  been  proved  that  the  sexual  organs  are  outgrowths  from  the 
lower  ends  of  the  myotomes,  and  remain  throughout  life  connected 
with  these  by  strings  of  cells  (Fig.  179). 

I'he  Hemichordata  and  Oephalocliordata  are  found  all  over  the 
tropical  and  temperate  regions  of  the  world  wherever  a  suitable 
substratum  is  found.  The  Hemichordata  burrow  in  mud  rich  in 
decaying  matter,  but  the  Cephalochordata  prefer  clean  sand,  their 
food  as  we  have  seen  consisting  of  swimming  organisms. 


Sub-Phylum  III.     TUNICATA  or  UROCHORDATA 

By  many  the  group  of  Tunicata  or  Urochordata  would  be 
considered  the  lowest  portion  of  the  phylum  Vertebrata,  and  if  we 
had  regard  only  to  the  adult  structure  this  could  not  well  be  denied, 
for  in  the  adult  hardly  a  trace  of  the  Vertebrate  relationship  is 
discernible.  But  the  Tunicate  commences  life  aa  a  larva  showing  a 
more  developed  structure  in  several  important  points  than  j4mj)fti'om« 
possesses  at  any  period  of  its  Hfe-history,  and  hence  we  must  regard 
the  simple  organisation  of  the  adult  as  a  degraded  rather  than  a 
primitive  condition  of  affairs. 

The  typical  Tunicate  larva  is  often  called  the  Ascidian  tadpole 

because  its  form  recalls  that  of  the  well-known  larva 

of  the  frog.     It  attains  a  length  of  about  a  quarter  of 

an  inch,  and  consists  of  a  small  round  trunk,  and  a  thin  vertical 

tail  four  or  five  times  as  long  aa  the  trunk.     The  tail  is  the  organ 

of  locomotion,  and  is  provided  with  a  sheet  of  muscles  on  either  side 
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180  181 

Fio.  180.  Side  v<en  of  the  anterior  end  of  a  larva  of  Aecidia,  which  has  been 
free-8wimming  for  two  days  x  376.  Fio.  181.  Dorsal  view  of  the  same. 
After  Kowalewsky. 

1.   Mouth.  2.  The  conoection  of  the  brain  with  the  stomodaeum. 

3.  Endoetyle.  4.  Intestine.  5.  Branchial  cavity.  S.  Istgili-siiu 
7.  2nd  giii-aiit.  8.  Atriai  opening.  0.  Blood  corpuscles.  10.  Cavit; 
of  brain.  11.  Dorsal  nerve-tube.  12.  Notochord,  13.  Muacies. 
14.     Fixing  organs.         16.  Olocjat.         16.  Eye. 
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by  the  alternate  contraction  of  which  powerful  side-strokes  are 
executed  and  the  auimal  is  propelled  forward  (13,  Fig.  181).  The 
tail  is  stiffened  by  a  well-developed  notochoi'd  —  which  does  not 
extend  into  the  trunk,  hence  the  name  "  Urochordata  "  (Gr.  adpa, 
tail ;  x^pB%  a  string).  A  uniform  flap  of  skin,  a  continuous 
fin,  forms  a  border  to  the  tail.  The  trunk  contains  the  enlarged 
pharynx  which  opens  by  a  narrow  mouth  in  front;  and  laterally 
communicates  with  the  exterior  by  two  ciliated  openings  —  the  gill- 
slits  Its  ventral  wall  is  swollen  out  into  a  pocket  which  causes  the 
under  lip  to  protrude  as  a  bulky  chin.  In  this  pocket  we  find  de- 
veloped a  ciliated  groove,  the  endostyle,  having  the  same  position 
to  the  organ  similarly  named  in .  Ainpkhxux.  On  the  chin  outside 
are  three  peculiar  warts  which  secrete  a  sticky  slime,  and  which  are 
used  by  the  larva  to  fix  itself  to  surrounding  objects.  The  pharynx 
leads  behind  into  a  short  intestine  w  hich  is  attached  to  the  ectoderm 
high  up  oa  the  side  far  in  advance  of  the  root  of  the  tail.  Hence 
the  process  of  shifting  forwaid  the  anus,  and  the  corresixniding 
developement  of  a  purely  muscular  tail,  has  been  carried  much 
further  in  the  Ascidian  tadpole  than  in   imphioxiia 

The  nervous  system  in  the  tail  is  a  simple  neuril  tube;  but  in 
the  trunk  it  expands  into  a  thin  walled  vesicle  the  so^ialled  sense- 
vesiele,  which  is  the  representative  of  the  cerebral  \eaicle  oi  Amphi- 
oxHn  and  the  forerunner  of  the  brain  of  the  liigher  Vertebrata, 
As  in  the  larva  of  Ainpkioxiui,  the  sense-vesicle  opens  to  the  exterior, 
but  the  spot  where  this  occurs  is  involved  in  the  invagination  which 
forms  the  stomodaeum.  The  tube  connecting  the  sense-vesicle  and 
the  stomodaeum  is  called  the  neuropore  (2,  Figs.  180  and  181).  Part 
of  the  side-wall  of  this  vesicle  is  modified  so  as  to  form  a  cup-shaped 
eye  with  a  simple  cuticular  lens  directed  inwards.  From  the  roof 
hangs  a  ball  of  lime  suspended  by  a  jiillar  of  cells ;  this  acts  as  an 
otolith,  and  the  whole  forms  a  rudimentary  ear. 

Thus  both  in  the  structure  of  the  nervous  system  and  the 
position  of  the  anus,  the  Ascidian  tadpole  is  more  advanced  than 
the  Amphioxiis. 

Altho:igh,  as  we  have  seen,  both  mouth  and  anus  are  present, 
yet  they  cannot  be  used,  for  they  are  closed  by  a  sheet  of 
gelatinous  matter.  This  is  the  test  which  is  secreted  by  the 
ectoderm  cells  and  envelopes  the  whole  body,  so  that  during  its 
brief  free-swimming  life  the  Ascidian  takes  no  food. 

After  swimming  for  a  short  time  the  larva  fixes  itself  by  its 
chin-warts  to  a  suitable   substratum   and  undergoes  a  very  rapid 
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metamorpliosia.    The  tail  shrinks  and  is  absorbed,  notochord  and 

nerve-tube  disappear:    the  sense- vesicle  also  disap- 

IimI?*'        pears,  only  its  binder  thickened  wall  persisting  as  the 

adult  ganglion  (G,  Fig.  182).     The  nemopore  however 

persists  and  developes  into 

a  mass  of  tubes  underlying 

the  ganglion,  which  is  called 

the     sub-neural    gland. 

Its    opening     acquires    a 

crescent  form  with  thick- 
ened lips,  and  is  called  the 

dorsal  tubercle.   Meanwhile 

the  chin  grows  enormously, 

so  as  to  rotate  the  month 

up    and    away    from    the 

substratum,  and  thus   the 

long  asi.>i  of  the  pharynx 

becomes  vertical  instead  of 

horizontal.    The  skin  of  the 

region  where  the  anus  be- 
comes situated  is  depressed 

so  as    to    form   a  groove. 

This     becomes     confluent 

with  the  outer  parts  of  the 

two  gill-slits,  so  as  to  form 

a     single     dorsal     cavity 

termed    the  atrial   cavity, 

the  opening  of  which  is  not 

fax   from   the    mouth.      It 

must  be  noticed  that  this 

cavity  does  not  correspond 

to     the    similarly    named 

cavity    in    Amphioxus :    in 

the  case  of  the  last-named 

animal    the    atrial     walls 

originate   from   the  dorsal 

edges  of  the  gill-slits  and 

meet  one  another  beneath 

the  animal ;  whereas  in  the 

Urochordata  they  arise  from  the  ventral  edges  of  the  slits,  and  are 

united  with  one  another  on  the  dorsal  edge.     The  gill-slits  them- 


10.  IgS.   Dia^nimof  the(]xln^iindchaiif,'(3 
undergone  by  a  larval  Ascidian.     From 
Laiikeal«r. 
1.   Mouth.  2.  Anus.  3.  Gill-slili'. 

4.  In  A,  notdchord  ;  in  B  and  C.  vaiiisti- 
ing  Uttl.         5.   In  A,  tail,         8.  Brain. 
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J  selves  become  changed  by  the  growth 

of  numerous  partitions,  transverse  to 
the  axis  of  the  pharynx,  into  a  series  of 
narrow  slits :  and  then  by  the  formar 
tioii  of  anotlier  series  of  stronger  bars 
parallel  to  the  long  axis,  into  a  veri- 
table ciliated  trellis-work.  All  this 
trellis-work  is  supported  by  horny  rods 
'*  like  the  gill-bars  of  Ampkioxun.  The 
test  thickens  enormously  and  becomes 
i  invaded  by  a  finger-like  outgrowth 
from  the  hinder  part  of  the  body, 
which  carries  blood-vessels  to  it  and 
buds  off  cells  into  it  which  nourish  it 
,  and  change  its  character.  With  these 
changes  the  adult  form  is  attained. 
Few  would  see  any  resemblance  to  a 
Vertebrate  in  the  motionless  sac-like 
body  fixed  to  a  stone  or  rock  and 
looking  more  like  a  plant  than  an 
animal  (Fig.  183). 

Nevertheless,  the  Tunicate  in  some 

points,  even  when  adult, 

Id^"""        recalls  the  structure  of 

Ami)kioxus.      Thus     we 

encounter  a  ring  of  delicate  tentacles 

a  short   distance    inside    the    mouth 

strikingly  recalling  the  velar  tentacles 

of  Ampkioxits.     As  in  that  animal  also 

there    is    a   long    hypopharyugeal 

groove   or    endostyle    passing    in 

front  into  a  peripharyngeal  band, 

and  secreting  a  cord  of  mucus  which  is 

worked  forward.     This  mucus  is  torn 

into  strings  by  the  inrushiug  current 

Fio.  183.     Ciona  intcstinalii  x  1.    The  live       ^^  water,  and  swept  back- 

snimalBeeninltatest;  some  of  the  organs       ^ards    to    the  opening    of 

can  be  seen,  astlie  Uat  18  seml-traLisparent,         ,  i_  !■ 

1.  Mouth.       2.  Atrial  orifice.        3.  Anus,      the  oesophagus,  entangling 

4.  Geuital  pore.    5.  Muscles.   6.  Stomach.       in    it    food    particles    just 

7.  Intestine.         8.  Reproductive   orgnns.       .„  ;_    Amnhinma      TintpnH 

0.  Stalk  attached  to  a  rock.   10.  Tentacular       ^  i^  ■^mpnioxus.     insieaa 

ring.   11.  Peripharyngeal  ring.    12.  Brain.      of  a   byperpharyngeal 

D.qit.zeaOvGoOt^lc 


Fig.  184.  View  of  Ciona  intesliiiaHn  lying  on  its  riglit  side.  Both  the  branchial 
and  the  atrial  cavities  have  been  opened  by  longitudinal  incisions. 

1.  Mouth.  2.  TentacleB.  3.  Peripharyngeal  groove.  4.  Per- 

forated vralls  of  branchial  sac.  G.   Eudoetyle.  6.  Oesophageal 

opening  leading  from  Che  branchial  sac  to  the  stomach,  rather  diagmm- 
inatlc.  7.  Stomach.  8.  Intestine  showing  typhlosole ;  part  of  it  removed 
to  show  subjacent  stnictures.  9.  Rectum.  10.  Anus.  II.  Atrial 
aperture.  12.  Inner  surface  of  mantle  showing  longitudinal  and  trnns- 

verse  muscle  fibrec.  18.  Dorsal  tubercle.  14.  Sub-neural  gland  and 
brain.  15.  Cut  edee  of  branchial  sac.  16.  Heart.  17,  Ovary. 

18.  Pore  of  vas  deferens.  The  openings  of  the  oviduct  and  thevas  deferens 
are  shown  enlarged  to  the  right.  19.  Testicular  tubes  on  Intestine. 

20.  Oviduct.  21.  Septum  shutting  off  that  part  of  the  body  lavity 

which  contains  the  heart,  stomach,  and  generative  oi^na. 
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groove,  there  is  a  series  of  tags  hanging  down  from  the  dorsal  vall 
of  the  pharynx,  called  languets.  These  in  life  curve  round  so 
as  to  form  a  row  of  hooks  supporting  and  directing  the  mucous 
strings. 

The  oesophagus  leads  into  a  dilated  stomach  which  bends  on 
itself  and  leads  into  an  intestine  which  after  one  or  two  coils  runs 
forward  and  opens  into  the  atrial  cavity.  Its  ventral  wall  is  folded 
in'warda,  forming  a  typhlosole  similar  to  that  of  an  Earthworm.  As 
usual  the  straight  terminal  portion  of  the  intestine  is  called  the 
rectum.  Sear  the  anus  open  the  ducts  of  the  ovary  and  testes, 
for  the  animals  are  hermaphrodite.  These  organs  are  branched 
clumps  of  tubes,  the  tet^tis  being  spread  over  the  surface  of  the 
stomach,  the  ovary  forming  a  mass  between  the  stomach  and 
intestine.  Oviduct  and  vas  deferens  are  closely  applied  to  one 
anotlier,  the  vaa  deferens  being  the  more  superficial.  The  latter 
opens  by  a  rosette  of  small  pores,  the  ovary  by  a  broad  opening,  and 
80  the  water  from  the  gill-slits,  as  it  passes  out  of  the  atrial  cavity, 
sweeps  away  the  sexual  cells. 

On  the  ventral  side  of  the  pharynx  is  a  V-ahaped  heart,  which 
is  enclosed  in  a  space  called  the  pericardium.  The  heart  is  only  a 
specially  thickened  pai-t  of  a  ventral  blood-vessel,  which  lies  imme- 
diately under  the  endostyle  and  communicates  through  a  network 
of  vessels  in  the  gill  trellis-work  with  the  dorsal  blood-vessel. 
Waves  of  contraction  pass  over  the  heart  so  as  to  drive  the  blood 
forward.  After  a  certain  interval  the  direction  of  these  waves  is 
reversed,  so  that  the  blood  alternately  goes  to  the  dorsal  vessel  from 
the  heart  and  rice  verad.  With  the  exception  of  the  heart,  however, 
the  blood-vessels  do  not  seem  to  have  definite  walls,  and  are  really, 
as  in  the  Enteropnensta,  chinks  left  between  various  organs. 

The  sluggish  life  of  the  Ascidian  has  as  its  only  external 
manifestation  the  sudden  closing  of  the  mouth  and  atrial  cavity 
by  sphincters,  and  the  consequent  ejection  of  water  —  whence  the 
popular  name  Sea  Squirt.  In  consequence  metabolism  is  at  a  low 
intensity  and  not  much  waste  is  pi'odnced.  A  good  deal  of  this 
waste  is  probably  got  rid  of  by  the  throwing  off  of  the  mantle  from 
time  to  time,  but  for  the  rest  no  definite  excretory  organ  is  required. 
The  nitrogenous  excretion  is  stored  up  as  crystals  of  insoluble  uric 
acid  in  little  vesicles  attached  to  the  hinder  part  of  the  intestine. 
These  vesicles,  together  with  the  cavities  of  the  genital  organs  and 
the  pericardium,  may  be  looked  on  as  the  remnants  of  the  coelom,  so 
that  here  a  similar  phenomenon  has  taken  place  to  what  was  met 
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irith  in  the  case  of  Arthropods,  namely,  an  obliteration  of  the  coelom 
through  the  expansion  of  blood-vessels. 

The  Tunicata  or  Urochordata  abound  on  every  rocky  shore  and 
exhibit  a  surprising  diversity  of  form.  Their  principal  divisions  are 
as  follows :  — 


Class  I,     CoPELATA  or  Larvacea 

Small  forms  which  retain  the  larval  condition  throughout 
life.  The  gill-slits  are  undivided  and  the  aims  ventral.  There 
is  no  atrial  cavity :  each  of  the  two  gill-slits  opens  directly 
to  the  exterior.  The  tail  is  usually  carried  bent  forward  at  a 
sharp  angle  with  the  body.  A  temporary  test  devoid  of  blood- 
vessels is  found ;  the  animal  when  disturbed  wriggles  out  of  it 
and  forms  another. 


Class  II.    The  Acopa 

Forms  which  have  lost  the  tail  with  its  nerves  and  muscles. 
These  are  divided  into  — 

Order    I.      The    Ascidi- 

aceae,  fixed  forms. 
Order    II.      The    Thali- 

aceae,  which  have  second- 
arily acquired  the  power  of 

swimming    by    contractions 

of  the  whole  body  carried 

out  by  transverse  bands  of 

muscle. 
The  Ascidiaceae  constitute 
the  great  bulk  of  the  Urochor- 
data. Some  of  them,  such  as  the 
form  taken  as  a  type  in  the 
general  description  given  above, 
remain  solitary  throughout  life, 
but  others  bud  and  form  colonies 
embedded  In  a  common  test; 
these  are  called  Compound 
Ascidians,  but  the  group  is  not 
a  natural  one,  since  budding  is 


Fig.  185.  Two  gronpa  of  individufllB 
of  BotryUus  violaceut,  after  Milne 
Edwards. 

1.  Mouih  opening.  2.  Common 
cloaca  of  the  group. 
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carried  out  in  different  ways  in  different  families,  and  has  therefore 
probably  originated  several  times.  The  commonest  method  is  by 
the  outgrowth  of  a  hollow  finger-shaped  process  of  the  pharynx, 
called  a  stolon, arising  at  the 
hinder  end  of  the  endostyle, 
which  becomes  divided  into 
pieces,  each  forming  a  bud. 
On  the  other  hand,  in  Bolryl- 
lus  a  different  method  is  fol- 
lowed, since  in  this  case  the 
buds  originate  simply  as  little 
pockets  of  the  atrial  wall  of 
the  parent.  Botryllus  is  one 
of  the  most  beautiful  colonial 
forms;  in  it  the  buds  are 
arranged  in  circles ;  the  atrial 
openings  of  the  members  of 
a  circle  open  into  a  common 
pit  in  the  centre  called  the 
cloaca.  Pi/i-oaoma  is  a  free- 
floating  colonial  form,  with 
the  shape  of  a  cylinder  open  at 
both  ends,  the  atrial  cavities 
of  the  constituent  persons 
opening  on  the  inner  surface, 
the  mouth  on  the  outer. 

The  Thaliaceae  are  ex- 
traordinary forma.  They  have 
the  shape  of  cylinders  with 
the  mouth  at  one  end  and  the 
atrial  opening  at  the  other, 
and  their  body  is  surrounded 
wholly  or  partly  with  muscular 
hoops  like  the  hoops  encasing 
a  barrel.  The  commonest 
form  is  Salpa,  which  at  inter- 
vals may  be  seen  in  countless 
numbers  swimming  at  the 
surface  of  the  sea.  In  this 
animal  the  test  is  of  a  glassy  transparency.  The  two  original 
atrial  openings  or  gill-slits  of  the  larva  do  not  become  divided  by 


Fto.  186.  Dorsal  view  of  s  fully-grown 
specimen  of  tbe  nolilaiy  form  of  .Salpa 
drmocTatica  x  aboul  II).  Frora  Brooks. 

1.   Muscle   bandB.  2.  Narrow   band 

representing  the  dorsal  wall  ot  the 
pharynx,  the Bo-called  "gill."  3.  En- 
dostyle. 4.  Peripharyngeal  band. 
6.  Brain.  0.  Ciliated  pit.  8.  "  Nu- 
cleus" eoneisting  of  stomach,  liver, 
intestine.  9,  Stolon,  row  of  young. 
10.  I'roceHSes  of  mantle.     11.  Mouth. 
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partitions,  bat  develope  into  two  huge  vacuities  in  the  side  walls 
of  the  pharynx,  reducing  its  dorsal  wall  to  a  mere  band,  the  so- 
called  "  gill."  There  are  two  distinct  forms  of  this  animal,  a  sexual 
and  an  asexual,  one  giving  rise  to  the  other,  so  that  here  ve  have 
a  case  of  "  the  alternation  of  generation."  In  the  asexual  form  we 
find  an  endostyle  process  or  stolon  which  gives  rise  to  a  chain  of 
small  sexual  forms  which  one  bj  one  drop  off.    £ach  sexual  form 


Fig.  177.    Semi-diagram  a  &tio 


of  left  eide  of  Salpa.    From  Kerdmao. 

Enduatyle. 


1.  Branchial  aperture.       2.  Atrial  aperture.      3.  Anus.        4.  Branchial  eac. 
G.    "Gill."  C.   Sub-neural  gland.  7.   Enduatyle.  8.    Heart. 

9.   Oesophagus.  11.    Languet,  12.    Moacle  bands.  13.    Nerve 

ganglion.  14.  Embryo  in  ovisac.  IS.   Feribranchial  cavity. 

16.    Peripharyngeal  band.         IT.   Stomach.         18.  Testes.         19.   Test. 
20.  Sub-neural  gland. 

produces  only  one  egg.  This  when  fertilised  does  not  give  rise  to 
a  tailed  larva,  but  becomes  attached  to  the  atrial  wall  of  the  mother 
by  a  knob  of  maternal  tissue  containing  blood-vessels,  called 
the  placenta,  which  is  embedded  in  a  disc  of  embryonic  tissue, 
through  which  nourishment  diffuses  from  mother  to  embryo.  lu 
this  position  it  grows  up  into  an  asexual  form  and  eventually 
breaks  loose  and  swims  away. 
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CHAPTER  XIV 

Introduction  to  Sub-Phylum  IV  Craniata 
The  Cvclostomata 

All  the  remaiDiDg  Vertebrata  are  diatingnished  by  possessing  a 
akull  and  brain,  and  are  grouped  together  as  (Jmniata.  The  Craniata 
are  separated  by  a  deep  gap  ft-oni  all  the  lower  forma :  they  thera- 
aelves  present  a  fairly  continuous  and  graded  series  from  the  lowest 
to  the  highest  forms,  and  their  comparative  anatomy,  especially 
when  we  take  into  account  the  fossil  representatives  of  the  aub- 
phyluin,  give  us  a  fairly  good  idea  of  the  course  which  the  evolu- 
tion of  Vertebrata  haa  pursued ;  so  much  so  indeed,  that  the  group 
might  be  compared  to  the  fairly  reliable  and  complete  recoi-ds  of 
a  country  during  the  historical  period,  whilst  the  Hemichordata, 
Cephaiochordata,  and  Urochordata  represent  the  few  scattered  and 
scarcely  decipherable  documents  of  prehistoric  epochs. 

The  Craniata  are  defined,  as  we  have  seen,  by  the  possession  of 
a  skull  and  a  brain,  though  these  are  only  two  of  the 
many  characters  which  distinguish  them  from  the 
other  Vertebrata.  The  skull  is  composed  of  either  cartilage  or 
bone;  andeven  in  cases  where  the  adult  skull  is  completely  bony,  in 
the  embryo  the  bone  is  partly,  at  any  rate,  represented  by  cartilage. 
Cartilage  and  bone  are  really  only  two  peculiar  modifications  of 
connecti've  tissue  whose  fundamental  characters  it  may  lie 
useful  to  recall.  There  is  in  every  case  a  gelatinous  ground 
substance  traversed  by  fibres,  and  applied  to  these  fibres  are  cells, 
which  are  connected  with  one  another  by  delicate  threads  of 
protoplasm,  and  which  secrete  the  greater  part  of  the  ground  sub- 
stance and  fibres  contained  thei-ein.  In  cartilage,  the  ground 
substance  becomes  cheesy  in  consistence,  the  fibres  being  masked, 
and  the  cells  are  arranged  by  twos  and  threes  in  little  pockets. 
In  bone,  on  the  other  hand,  the  cells  remain  single  whilst  the 


^aovGoOt^lc 


CHAP.  XIV.]  SKULL   ASD   BRAIN  319 

grouod  Bubstance  becomes  hardened  by  depositions  of  carbonate 
and  phosphate  of  lime.  The  spaces  occupied  by  the  cells  are 
known  as  lacunae,  and  the  delicate  processes  which  connect  the 
cells  give  rise  to  the  capillary  canals  known  as  canaliculi  in  the 
dried  bone,  whilst  the  spaces  occupied  by  blood-vessels  traversing 
the  bone  are  known  as  Haversian  canals. 

In  the  simplest  form  the  skull  consists  of  two  pairs  of  pieces  of 

cartilage,  one  pair   embracing  the  front  end  of  the 

Skull'""       notochordand  termed  the  parachordals.     In  front 

of  these  is  the  second  pair,  the  trabeculae,  united 

behind  and  before  with  each  other  but  diverging  in  the  middle 

so  as  to  embrace  between  them   the   pituitary  body,  which 

morphologically  represents  the  sub-neural  gland  of  the  Urochordata, 

but  the  function  of  which  is  unknown.    The  parachordals  develope 

ridges  which  wall  in  the  sides  of  the  brain  and  may  form  a  roof 

over  its  hinder  portion. 

The  brain  is  only  the  enlarged  and  modified  anterior  end  of 
the  neural  tube,  and  the  existence  of  a  skull  is  correlated  with  the- 
presence  of  neural  arches  protecting  the  hinder  part  of  the 
nervous  system.  These  arches  consist  of  paired  pieces  of  cartilage 
meeting  above  the  neiiral  tube.  They  have  been  shown  to  be 
formed  as  solid  outgrowths  of  the  myotomes  representing  the  hollow 
sclerotomes  of  Amphioxvs,  and  hence  it  may  be  that  the  cranium 
itself  is  derived  from  the  walls  of  the  most  anterior  myotomes,  which 
early  become  fused  with  one  another  and  otherwise  modified. 

Haemal  arches,  paired  pieces  of  cartilage  with  their  upper 
ends  implanted  in  the  eheath  of  the  notochord  and  their  outer  ends 
directed  downwards,  are  also  always  present,  and  like  the  neural 
arches  are  derivatives  of  the  myotomes.  In  the  region  of  the  tail 
the  haemal  arches  meet  each  other  so  as  to  form  a  V  beneath  the 
notochord,  but  in  the  trunk  they  simply  project  out  between 
ailjacent  myotomes  as  transverse  processes,'  the  ends  of 
which  may  become  moveable  on  the  basal  parts  and  are  then  known 
as  ribs. 

The  brain  of  all  Craniata  is  sharply  divi.sible  into  three  primary 
regions  called  fore-brain,  mid-brain,  and  hind- 
^"'°'  brain   {Fig.    188).     Of  these  the  first  is  certainly 

the  enlarged  and  highly  developed  representative  of  the  sense- 
vesicle  of  the  Urochordata  and  of  the  cerebral  vesicle  of  AmpMoxua. 

1  This  siBtemeiit  applies  to  the  transverse  proceasea  of  the  tower  Craniata : 
thooe  of  the  higher  Craniata  are  secondary  outgrowths  fi«iD  the  neural  arches. 
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Fia.  186.  Sq/Uium  calulus.  DUseclion  o(  the  bnin  and  of  some  of  the  cranial 
nerves.  A.  Ventral  view.  B.  Dorsal  view.  C.  Longiluflinal  median 
section.  D.  Diagram  of  embryonic  bralD  ahoning  the  three  primary 

vesieiea. 

1.  Cerebrum.  2.  Pineal  stalk.  3.  Olfactory  lobe.  4.  Cerebral  hemi- 
sphere. 5.  TbalameDcepbnJon.  6.  Pituitary  body.  T.  Optic  lobes. 
8.  Optic   lobes.  0.  Cerebellum.  10.  The   roof  of   hind-brain. 

11.  Superior  oblique  muscle.  12.  Internal  rectus  muscle.  Vi.  Su- 
perior rectus  muscle.  U.  External  rectus  muscle.  15.  Ninth  or 
glossnpharyncEeal  nerve.  16.  Branch  of  vagus  nerve  to  second 
branchial  cleft.  16a.  Branch  of  vagus  nerve  to  third  brancbiol 
cleft.  IT.  Mnin  trunk  of  rsgus  to  fourth  and  fifth  gill-slils,  to 
lateral  line,  and  to  viscera,  ii.  Optic  nerve,  iia.  In  A,  optic  chiaKma- 
iT,  V,  VI,  vi:,  viir.  ix,  and  x.  Roots  of  fourth  to  tenth  cranial  nervea  In 
D,  I,  II,  III  represent  the  first,  second,  and  third  primary  vesicles  of  the 
embryonic  bralD. 
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In  the  embryo  it  is  a  simple  thin-walled  vesicle,  the  lateral  walls  of 
which  become  chaDged  into  the  retina  or  the  essential  aenaory 
portion  of  the  eyes.  This,  as  is  the  case  in  the  Ascidian 
tadpole,  haa  its  perceptive  surface  turned  inwards  towards  the 
brain  cavity.  The  nerves  by  which  the  eyes  are  connected  with  the 
brain  are  really  the  narrowed  connections  of  the  lateral  portions  of 
the  fore-brain  with  the  central  portion.  The  roof  of  the  fore-brain 
remains  thin  throughout  life  and  from  it  a  stalk  arises  leading  to  a 
third  median  eye,  the  so-called  pineal  gland,  vestigial  in  all  living 
forms.  From  the  front  wall  of  the  fore-brain  an  outgrowth  takea 
p1:Lce,  giving  rise  to  a  bilobed  vesicle  termed  the  cerebrum,  each 
of  the  two  lobes  of  which  it  is  composed  being  termed  a  cerebral 
hemisphere.  This  in  the  higher  Craoiata  is  the  seat  of  the  more 
complex  mental  processes,  but  in  the  lower  appears  to  be  intimately 
connected  with  the  organ  of  smell.  The  cerebrum  in  these  cases 
remains  thin-roofed,  but  its  base  thickens  owing  to  a  great  devel- 
opement  of  nervous  matt«r.  In  order  to  distinguish  it  from  the 
cerebrum  the  original  fore-brain  is  denoted  by  the  name  thata- 
meocephalon. 

The  mid-brain  acquires  thick  lateral  pouches,  the  so-called  optic 
lobes:  the  hind-brain  remains  thin-roofed,  except  in  front  where  a 
transverse  nervous  band,  the  cerebellum,  is  formed.  The  cere- 
bellum is  believed  to  be  the  portion  of  the  brain  intimately  con- 
nected with  the  semicircular  canals  of  the  ear  and  to  have  for  its 
function  the  control  of  the  muscles  so  as  to  maintain  the  equilibrium 
of  the  body.  The  rest  of  the  hind-brain  is  termed  the  medulla 
oblongata  or  spinal  bulb;  it  controls  the  beating  of  the  heart  and 
the  respiratory  mavements.  The  hinder  part  of  the  neural  tube  is 
known  as  the  spinal  cord,  and  it  developes  thick  walls,  so  that 
its  cavity  is  exceedingly  small. 

The  essential  element  in  the  nervous  system  of  Vertebrata,  as  in 
all  other  nervous  systems,  is  a  kind  of  cell  which  has  been  variously 
styled  nerve-cell,  ganglion-cell,  and  neuron.  This  last  name  is 
undoubtedly  the  best,  as  it  avoids  the  old  misapprehension  that  re- 
garded the  nerve-cell  and  nerve-fibre  as  two  independent  structures. 

On  page  52  it  was  pointed  out  that  the  nerve-fibre 
mununof  'B  a  very  fine  basal  outgrowth  of  a  modified  ecto- 
mum!™"'       derm  cell  which  is  the  nerve-cell.     The  cell,  including 

its  outgrowth,  is  termed  the  neuron.  Important  dis- 
coveries have  recently  been  made  on  the  minute  structure  of  the 
nerroas  system  of  Vertebrata,  and  we  are  now  able  to  form  a 
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simple  and  connected  idea  of  the  principles  on  which  it  is  built  up. 
Originating  as  a  simple  strip  of  ectoderm  which  becomes  rolled  up 
so  as  to  form  a  tube,  it  is  at  firat  composed  of  cells  which  esteud 
through  its  entire  thickness,  and  which  all  abut  on  the  cavity  of 
the  tube.  Some  retain  this  position  but  develope  branches  and 
deposit  a  lai^e  amount  of  cutlcular  substance  in  their  protoplasm : 
these,  constituting  the  supporting  elements  of  the  system,  are  termed 
collectively  neuroglia.  Other  cells  retire  from  the  cavity  of  the 
tube,  becoming  more  or  less  rounded  in  form,  but  developing  a 
number  of  outgrowths :  these  cells  are  the  neurons.  Each  neuron 
is  provided  with  a  number  of  branching  processes,  sometimes 
arising  from  a  single  thick  stem;  these  are  called  receptive  den- 
drites (Gr.  SivBpov,  a  tree),  and  they  receive  stimuli.  Stimuli  are 
transmitted  through  one  long  basal  process,  called  the  axis- 
cylinder  process  or  nerve-tail,  which  ends  in  a  tuft  of  processes 
often  thickened  at  the  tips,  which  are  called  terminal  dendritea 
The  name  axis-nylinder  is  suggested  by  the  circumstance  that 
amongst  Vertebrata  this  process  is  in  nearly  every  case  surrounded 
by  a  fatty  sheath  of  a  conspicuous  white  colour,  called  the  medullary 
sheath :  the  process  together  with  its  sheath  making  up  what  is 
ordinarily  known  as  a  nerve-fibre.  The  tuft  of  dendrites  in  which 
the  axis-cylinder  ends  is  found  to  be  in  close  contiguity  either  with 
the  receptive  dendrites  of  another  neuron,  by  which  means  the 
stimulus  is  transmitted  fi-om  one  neuron  to  another,  or  else  with 
the  muscle-plate  of  a  muscle-fibre,  by  which  means  the  fibre  is 
stimulated.  The  muscle-plate  is  a  disc  of  protoplasm  with  several 
nuclei  situated  at  the  side  of  the  muscle-fibre.  The  axis-cylinder 
process  may  give  off  several  branches  termed  collaterals.  These 
like  the  main  stem  end  in  tufts  of  dendrites ;  in  this  way  a  stimulus 
may  spread  over  several  paths.  The  receptive  dendrites  of  a  neuron 
may  also  receive  stimuli  from  the  terminal  tufts  of  several  axis- 
cylinder  processes,  and  in  this  way  stimuli  are  co-ordinated  and 
combined. 

As  mentioned  above,  the  skull  and  brain  are  by  no  means  the 

only  characters  which  distinguish  the  Craniata  from 
senH.  other  Chordata.     Perhaps  the  next  in  importance  is 

the  possession  of  three  well -developed  pairs  of  sense- 
organs,  nose,  eyes,  and  ears.  Of  these  the  nose  is  the  most  sim- 
ply constructed.  It  consists  merely  of  a  pair  of  pits  in  the  skin  at 
the  most  anterior  portion  of  the  body,  the  lining  of  which  developes 
ridges  covered  with  sensory  cells,  having  an  olfactory  function 
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(Elg.  189).  The  essential  element  in  all  sense-orgam  is  the  sense- 
cell,  which  resembles  the  neuron  in  possessing  a  basal  process 
terminating  in  a  tuft  of  dendrites  by  which  the  stimulus  is  trans- 
mitted to  a  neuron,  for  in  Craniataa  sense-cell  is  never  in  direct 
communication  with  a  muscle-fibre.  It  differs  from  the  neuron  in 
possessing  one  or  more  stiff  peripheral  processes  projecting  from 
the  surface  of  the  body,  by  which  stimuli  are  received  from  the 
external  world.  These  are  termed  sense-hairs,  and  in  the 
olfaetocy  cells  they  are  excessively  delicate  in  structure.  Sense- 
cells  are  never  combined  by  themselves  into  an  epithelium:  they 
are  always  intermixed  with  stiff  supporting  cells  which  usually  have 
at  the  base  several  root-like  branches.  The  front  end  of  the  brain 
comes  in  direct  contact  with  the  wall  of  the  nasal  sac  and  the  tails 
of  the  sensory  cells  stretch  into  the  brain  constituting  the  olfactory 
nerve  (Fig.  188). 


Fio.  189.  Transverae  section  through  the  snout  of  a  Doplisli,  ScylUnm  rnnktila. 

lo  show  the  structure  of  the  nose  x  2. 

1.  Anterior  naris,  or  external  opening  of  olfactory  sac.  2.  Olfactory 

epithelium.        3.  Ethmoidal  region  of  tbe  canilaginous  skull. 

The  ears  are  also  at  first  pits  of  the  skin  placed  further  hack 
at  the  sides  of  the  hmd-brain.  In  the  lower  forms  these  pits  retain  a 
narrow  connection  with  the  exterior  throughout  life  through  a  long 
tube  called  the  ductus  endolymphaticus  (2,  Fig.  190).  In  the 
higher  forms  this  tube  is  still  recognisable  but  no  longer  opens  to 
the  exterior.  In  almost  every  case  the  pit  gives  rise  to  three  flat 
outgrowths  placed  in  planes  at  right  angles  to  one  another  (Fig.  190). 
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These  outgrowths  become  converted  into  half-rings  by  the  meeting 
of  their  walls  in  the  middle  of  each,  and  in  this  way  thiee  semi- 
circulai  canals  are  formed,  called  respectively  anterior,  poste- 


Fio.  100.  En  ot  Chlmaera  mon$tro$n  L.  Prom  Retzius.  x  about  4.  Seen 
(rom  the  inner  side. 

1.  External  aperture  on  roof  of  skull.  Tbe  wall  of  2,  the  "ductus  endo- 
lymphatic us,"  is  portly  removed  to  show  that  it  is  a  tube.  3,  Anterior, 
4,  posterior,   and  6,  horizontal  semicircular  canals.  6.    Anterior, 

T,  ezierual,  and  B,  posterior  ampullae.         9.  Sacculus.      10.  Auditor; 

rior,  and  horizontal.    The  primary  function  of  the  whole  organ,  like 
that  of  the  otocysts  of  Medusae,  Crustacea,  and  Molluscs,  is  to 
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enable  the  animal  to  perceive  its  position.  As  at  the  commence- 
ment of  each  semicircular  canal  there  is  a  gelatinous  cup  closely 
resting  on  certain  sense-cells  with  very  long  aenae-hairs  (Fig.  191), 
we  see  bow  admirably  adapted  the  whole  organ  is  to  record- 
change  of  position  in  any  direction,  since  any  change  of  position 
can  be  completely  analysed  into  movements  in  three  planes.  The 
part  of  the  canal  containing  the  cup  is  somewhat  enlarged  and  is 
called  the  ampulla.  The  central  part  of  the  organ  is  called  the 
sacculus;  it  has  cells  adapted  to  perceive  vibrations  or  to  hear. 
It  grows  out  into  a  pouch  called  the  cochlea  in  higher  forms. 
The  sense-cells  of  both  the  ampullae  and  the  sacculua  are  re- 
markable  for  possessing  excessively  short  basal  processes :   the 


Fio.  191.    Section  of  an  ampulla  of  the  interaal  ear. 
1.   Sense-cell   bearing  a  long   hair.  2.  Senae-hair.  3.  Nerve  termi- 

nalion  branching  round  base  of  aense-oell  (dendrites  of  a  deeply  placed 
neuron).  4.  Interstitial  cell.  5.  Gelatinous  cup  in  which  ihe 

sense-haiiB  are  embedded. 

auditory  cells  have  each  several  short,  stout  sense-hairs.  Both 
nose  and  ear  have  cartilaginous  or  bony  coats  which  become 
tirmly  connected  with  the  skult;  these  are  known  as  the  sense- 
capsules. 

The  eye  is  the  most  complicated,  and  in  the  higher  Craniata  by 
far  the  most  important,  of  the  sense-organs.  In  its  origin,  ss  we 
have  seen,  it  is  the  lateral  portion  of  the  fore-brain  which  when 
constricted  off  is  known  as  the  primary  optic  vesicle  (Fig.  192). 
The  outer  wall  of  this  becomes  modified  into  a  sensory  epithelium 
called  the  retina.  This  consists  of  a  row  of  visual  cells,  their  free 
ends  directed  inward  towards  the  brain  and  produced  into  the 
characteristic   striated  rods.      Beneath   these  sense-cells   He  a 
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number  of  ganglion-cells,  the  dendrites  of  which,  mingling  with  the 
dendrites  of  the  sensory  cells,  give  rise  to  a  comparatively  thick 
bed  of  nervous  tissue.  Long,  however,  before  the  sense-cells  are 
developed,  the  primary  vesicle  of  the  eye  has  completely  altered  its 
shape.  The  outer  wall  has  become  pushed  in  on  the  inner  so  as  to 
completely  reverse  the  shape  of  the  sac  (Fig,  192).  Its  cavity  is 
reduced  to  a  mere  slit,  and  it  takes  on  the  form  of  a  very  deep 
^  double  cup  with  its  coneAvity 

directed  outwards.      This    is 
the  cavity  of  the  eyeball,  or 
so-called  secondary  optic  ves- 
icle, the  clear  gelatinous  con- 
nective-tissue   inside    which 
Is    known    us   the   vitreous 
humour.      The     connective- 
tissue  surrounding  the  vesicle 
peripherally    forms    a    tough 
a      fibrous   or  even    cartilaginous 
capsule  called  the  sclerotic, 
which,  however,  unlike  those 
-8     of  the  ear  and  nose,  remains 
quite    free    from    the    skull. 
The    sensitive    and    nervous 
outer  layer   of    the   primary 
vesicle  is  known  as  the  ret- 
,  the   other  layer  (which 
becomes  loaded  with  pigment) 
as  the  choroid  epithelium, 
e  analyse  the  structure  of 
the    retina,  we    find    that    it 
has   fundamentally  the   same 
structure     as      the     central 
nervous  system  of  which,  as  its  origin  shows,  it  is  really  a  part. 
Thus  there  are  a  number  of  branched  and  cuticularised  supporting 
cells  called    fibres  of    Mtlller,  extending  throughout    the    whole 
thickness  of  the  retina,  and  the  main  mass  of  the  retina  is  made  up 
of  neurons.     There  is,  however,  in  addition  a  layer  of  characteristic 
visual  cells:  that  is  to  say,  of  sense-cells,  with  a  comparatively  thick 
striated  rod  in  place  of  the  ordinary  sense-hair.     Visual  rods  have 
already  been  described  in  the  eyes  of  Anthomedusae  (p.  63)  and 
of  Arthropoda  (p.  122) ;  they  occur  wherever  the  capacity  for  vision 


FiQ.  192.  Transverse  aection  through  a 
ttiiiil  dny  Chick  to  sliow  origin  of 
Relinafromlhe  brain  and  of  the  lens 
from  the  ecu^erm.lijglily  magnil^ed. 

1.  Cavity  of  brain.  2.  Outer  layer 
of  retina  surrounding  the  blacli, 
thicker  layer  which  will  form  llie 
rodKand  cones.  3.  Lens  ariain>;  as 
a  hollow  invagination.  4.  Pineal 
gland   originating        5.  Embryonic 
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is  developed.  In  the  retina  of  Craniata  there  are  two  varieties  of 
visual  eel], called  respectively  rod-cells  and  cone-cells.  In  the 
tirst,  the  visual  rod  is  narrow  and  cylindrical,  and  the  body  of  the  cell 
beneath  is  filamentous  with  a  rounded  swelling  for  the  nucleus;  the 
basal  process  ends  in  an  unbranched  knob,  that  is  to  say,  in  a  single 
dendrite.  In  the  cone-cell  the  rod  is  conical  with  a  broad  base,  to 
which  the  body  of  the  cell  containing  the  nucleus  is  immediately 
applied ;  the  basal  process  ends  in  the  normal  manner  iu  a  tuft  of 


Fio.  103.    Dlagmm  to  Illustrate  Btructure  of  a  Retina,    The  several  "  lajere  " 

are  indicated  by  the  numerals  111,  &c.  in  order  from  nitliin  (vitreous 

humour)  outwards. 
1.    Cone.  2.   Rod.  3.    Nucleus   of   rod-eell.  4.   Small   neuron. 

o.  Large  neuron.  0.  Choroid  epithelium.         7.  Fibre  of  MUller,  a 

supportiug  cell. 

dendrites.  The  basal  processes  of  both  kinds  of  sense-cell  are  in 
close  relation  to  the  receptive  dendrites  of  a  layer  of  small  neurons ; 
the  axis-cylinder  processes  of  these  in  turn  end  close  to  the  receptive 
dendrites  of  a  layer  of  large  neurons  situated  close  to  the  outer 
basal  surface  of  the  retina,  which  give  rise  to  the  fibres  constituting 
the  optic  nerve.  Taking  a  general  view  therefore  we  may  say  that 
the  retina  is  a  sensory  nervous  epithelium  consisting  of  a  layer  of 
sense-eells  underlaid  by  two  layers  of  neurons.  Before  its  structure 
was  thoroughly  understood,  however,  the  appearance  of  the  retina  in 


^aovGoOt^lc 


328  INTBODUCTION  TO   CRANIATA  [CHAP. 

transverse  section  waa  a  bewildering  mass  of  fibres  and  nuclei,  In 
whicii  for  descriptive  purposes  different  layers  were  distinguished. 
These,  reckoning  them  in  the  order  proceeding  from  the  inner  side 
of  the  eyeball  towards  the  lens,  were  as  follows :  —  (n)  the  layer  of 
rods  and  cones ;  (6)  the  outer  nuclear  layer  (vi,  Fig.  193)  consisting 
of  the  bodies  of  the  visual  cells  containing  their  nuclei;  (c)  the 
outer  molecular  layer  (v,  Fig.  193)  consisting  of  sections  of  the 
basal  processes  of  the  visual  cells  and  of  the  receptive  dendrites  of 
the  small  neurons;  (d)  the  inner  nuclear  layer  (iv,  Fig.  193)  con- 
sisting of  the  bodies  of  the  small  neurons ;  (e)  the  inner  molecular 
layer  (iii,  Fig.  193)  consisting  of  sections  of  the  basal  process  of  the 
smaller,  and  of  the  receptive  dendrites  of  the  larger  neurons ;  (/)  the 
layer  of  nerve-cells  consisting  of  the  bodies  of  the  larger  neurons ; 
and  finally  [g)  the  layer  of  nerve-fibres  consisting  of  the  basal 
processes  of  the  larger  neurons  which  constitute  the  optic  nerve. 

The  remainder  of  the  eye  is  to  be  looked  on  as  a  part  of  the  skin 
of  the  side  of  the  head  which  has  been  rendered  transparent  in 
order  to  allow  light  to  reach  the  retina.  It  consists  of  a  lens 
and  cornea,  separated  by  a  chamber  containing  the  aqueous 
humour.  The  lens  is  an  originally  hollow  plug  of  ectoderm  cells, 
which  breaks  loose  from  the  skin  and  lies  in  the  mouth  of  the 
secondary  optic  vesicle  {Fig.  192).  The  skin  outside  the  lens  forms 
the  cornea,  which  is  transparent.  Between  the  cornea  and  the 
lens  is  watery  connective-tissue,  called  the  aqueous  humour. 
The  cornea  being  joined  to  the  edges  of  the  sclerotic  completes  the 
boundary  of  the  eyeball,  as  the  fully  elaborated  sense-organ  may  be 
termed.  If  the  above  description  has  been  followed  it  will  be  seen 
that  in  a  Craniate  light  must  reach  the  visual  cells  through  their 
basal  and  not  through  their  visual  ends.  As  this  is  contrary  to  the 
almost  universal  rule  obtaining  throughout  the  animal  kingdom,  we 
cannot  believe  it  to  be  a  primitive  arrangement.  Rather  we  must 
believe  that  when  the  eye  was  developing  the  rods  of  the  visual 
cells  were  directed  towards  the  light,  and  that  the  epithelium  of 
which  they  form  a  part  was  exposed,  and  not  rolled  up  into  a  neural 
tube ;  in  a  word,  that  the  front  portion  of  the  nervous  system  of 
Vertebrata  at  any  rate  was  once  a  plate  of  sensitive  skin.  It  is 
most  instructive  to  note  that  in  the  larva  of  the  Hemichordata  we 
find  such  a  plate  with  two  eye-spots  at  the  apex  of  the  prae-oral  lobe. 

The  external  layer  of  the  skin  or  ectoderm  of  Craniata  is  quite 
peculiar  in  the  animal  kingdom  in  that  it  consists  qot  of  one,  but  of 
many  layers  of  cells.     On  closer  inspection,  however,  it  is  seen  that 
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the  deepest  layer,  consisting  of  columnar  cells  alone,  really  repre< 
sents  the  ectoderm  of  the  other  phyla.  This  layer 
instead  of  becoming  directly  converted  into  cuticular 
substance,  as,  for  example,  in  the  Arthropoda,  buds  off  flattened 
cells  from  its  outer  surface  which  become  bodily  converted  int« 
horny  matter  and  scale  off.  The  ectoderm  rests  on  a  specially  firm 
bed  of  connective  tissue  called  the  dermis. 

A  very  peculiar  feature  in  the  Craniata  is  the  character  of  the 
scattered  sense-cells  of  the  skin.  These  end  in 
sense-filaments  embedded  in  the  ectoderm,  not  pro- 
jecting beyond  it.  These  filaments  have  however  grown  enormously, 
and  with  their  growth  the  bodies  of  the  cells  with  the  nuclei  have 
come  to  lie  deep  down  in  the  body.  Here  they  form  segmeutally 
arranged  packets  of  cells  lying  at  the  side  of  the  nerve-cord  and 
knownasthe  spinal  ganglia.  They  are  connected  with  the  nerve- 
cord  by  their  basal  outgrowths  or  nerve-tails,  which  constitiite  the 
dorsal  roots  of  the  spinal  nerves  corresponding  to  the  dorsal  sensory 
nerves  of  Amphioxus.  To  each  myotome  a  motor  nerve  is  given  off, 
as  in  Amphioxiis,  but  in  the  Craniates  the  fibres  of  this  nerve  are 
bound  up  for  a  certain  distance  with  the  long  peripheral  hairs  of  the 
sense-cells  constituting  the  spinal  ganglia,  so  as  to  fonn  a  compound 
sensory-motor  nerve,  which  is  then  said  to  have  a  dorsal  sensory 
and  a  ventral  motor  root. 

The  powerof  transmitting  and  modifying  stimuli, characteristic 
of  the  nerve-cell,  is  merely  one  of  the  fundamental  properties  of  all 
protoplasm,  specially  developed.  It  therefore  probably  resides  to 
a  small  extent  in  all  cells.  In  the  ectoderm  from  its  exposed  con- 
dition this  function  has  been  largely  exercised,  and  hence  the 
nervous  system  of  most  animals  consists  of  modified  ectoderm 
cells.  But  the  endodermie  tube  is  likewise  stimulated  by  the 
passage  of  food  through  it,  and  it  is  therefore  not  surprising  to 
learn  that  some  of  its  cells  develope  nerve-tails  and  are  even 
converted  into  small  neurons.  In  this  way  a  tangle  or  plexus  of 
fibres  with  intermixed  cells  is  formed,  which  is  the  basis  of  the  ner- 
vous system  of  the  gut,or"  sympathetic"  system.  In  most  groups  of 
animals  the  endodermie  nervous  system  is  never  developed  beyond 
this  point ;  but  in  Craniata  the  tails  of  the  endodermie  cells  extend 
out  at  regular  intervals  and  come  in  contact  with  portions  of  the 
spinal  ganglia  which  early  separate  from  the  rest  and  are  called  the 
sympathetic  ganglia.  These  ganglia  retain  their  connection  with 
the  spinal  ganglia  by  nerves  called  the  rami  communicantes,  in 
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which  motor  fibres  going  to  the  gut  are  included.  Successive 
Bympathetic  ganglia  are  connected  by  a  longitudinal  commissure, 
and  so  there  is  a  sympathetic  chain  of  ganglia  on  each  aide  of  the 
spinal  cord. 

It  is  usual  to  reckon  ten  pairs  of  nerves  as  appertaining  to  the 
brain,  hut  these  are  of  very  unequal  value.  The  first  or  olfactory 
pair  are  really  drawn-out  portions  of  the  cerebrum.  In  the  lower 
Oraniata  these  parts  have  the  shape  of  swellings  connected  by 
narrow  stalks  with  the  brain,  and  these  stalks  were  coufused  with 
nerves  (Fig.  188).  The  terminal  swelling  comes  into  close  contact 
with  the  epithelium  of  the  nasal  sac,  and  a  lai'ge  number  of  small 
nerves  —  the  trueolfactory  nerves  —  connect  the  two.  The  second 
or  optic  nerve  is,  as  we  have  seen,  really  the  stalk  iiniting  the 
primary  optic  vesicle  with  the  brain  (Figs.  188  and  192).  The  nerve 
fibrils  which  run  in  this  stalk  go  mainly  but  not  entirely  to  the 
opposite  side  of  the  brain.  Thus  in  the  floor  of  the  thalamencepbalon, 
or  primitive  fore-brain,  there  is  a  crossing  of  fibres  proceeding  from 
the  two  eyes.  This  part  of  the  floor  becomes  nipped  ofF  as  a  groove 
from  the  rest  —  and  is  known  as  the  optic  chiaama.  Thechiasma 
is  connected  with  the  combination  of  the  sensations  received  by  the 
two  eyes  so  as  to  produce  a  single  image,  each  side  of  the  brain  re- 
ceiving sensations  from  both  eyes.  The  third,  fourth,  and  sixth 
nerves  are  motor  nerves,  supplying  the  eye  muscles  derived  from 
the  head  cavity,  the  first  myotome,  and  the  second  myotome 
respectively.  The  fifth  and  seventh  are  most  interesting  nerves, 
being  sensory  as  well  as  motor,  and  the  sense-organs  they  supply 
in  the  lower  Craniata  are  peculiar.  These  organs  are  scattered  over 
the  prae-oral  part  of  the  body  or  snout  and  the  sides  of  the  head, 
and  are  known  as  the  mucous  canals.  On  the  snout  they  have 
the  shape  of  deep  tubes  swelling  out  at  the  bottom  into  sacs  or 
ampullae;  and  on  the  head,of  canals  communicating  at  int«rvats  with 
the  exterior  by  vertical  tubes.  Certain  of  the  cells  lining  these  tubes 
develope  blunt,  freely  projecting  sense-hairs,  recalling  the  character 
of  the  auditory  cells,  whilst  others  secrete  the  mucus  with  which  the 
tubes  are  filled  and  whence  they  derive  their  name.  It  is  probable 
that  the  function  of  these  organs  is  somewhat  allied  to  that  of  the 
ear,  balancing  combined  with  hearing  (or  at  any  rate,  perception  of 
vibrations),  for  it  has  been  proved  that  a  fish  deprived  of  its  eyes  is 
still  able  to  guide  itself  along  tortuous  passages,  so  long  as  this 
organ  remains  intact,  and  this  is  only  explicable  on  the  assumption 
that  the  reflected  pulses  of  the  water  are  felt  by  these  oi^ans.    The 
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branches  of  the  fifth  and  seventh  nerves  which  supply  them  are 
usually  for  some  distance  in  close  juxtaposition  and  are  known  as 
the  ophthalmic  nerves.  The  eighth  or  auditory  cranial  nerve 
goes  to  the  ear,  and  arises  in  such  close  proximity  to  the  seventh 
that  it  may  be  regarded  as  a  specialised  branch  of  it,  the  ear  itself 
being  very  possibly  a  highly  specialised  mucous  canal.  The  motor 
division  of  the  fifth  and  seventh  are  distributed  to  the  region  of 
the  mouth  and  to  that  of  the  first  gill-slit  respectively.  They  both 
fork ;  the  upper  branch  of  the  fifth  goes  to  the  upper  jaw,  and  the 
lower  to  the  lower  jaw,  whilst  one  branch  of  the  seventh  passes  in 
front  and  the  other  behind  the  first  gill-slit  or  spiracle.  The 
ninth  nerve  is  similarly  forked  round  the  second  slit  (Fig.  188). 
The  tenth  nerve,  which  is  certainly  a  compound  one,  gives  off  a 
branch  to  each  of  the  remaining  slits,  to  which  it  bears  a  relation 
similar  to  that  borne  by  the  ninth  nerve  to  the  second  slit. 
The  main  stem  of  the  nerve  passes  along  the  alimentary  canal  and 
sends  nerves  to  its  muscles  and  to  those  of  the  heart,  all  the.se 
muscles  being  developements  of  the  inner  or  splanchnic  wall  of  the 
imsegmented  coeloin.  The  tenth  nerve  has  also  in  the  lower  Craniata 
a  sensory  division.  This  separates  from  it  soon  after  it  leaves  the 
brain  and  passes  backward,  supplying  an  immensely  long  mucous 
canal  called  the  lateral  line,  which  extends  from  head  to  tail  along 
the  mid-lateral  portion  of  the  body,  and  is  provided  with  a  series  of 
openings  to  the  exterior.  On  account  of  its  extensive  area  of  distri- 
bution the  tenth  nerve  has  received  the  name  of  vagus  (wandering). 

The  alimentary  canal  exhibits  a  marked  difference  from  the 

condition  found  in  the  Lower  Chordata.     The  gill- 

C««r.'""'       slits  are  reduced  in  number,  there  being  as  a  rule 

uot  more  than  eight :  it  would  indeed  be  more  correct 

to  si>eak  of  them  as  gill-pouches.     In  this  respect  Craniata  agree 

with  the  Hemichordata  in  contrast  to  the  Cephalochordata  and 

Urochordata.     No  trace  of  a  tongue-bar  has  however  been  found  in 

any  Craniate. 

The  endostyle  becomes  shut  off  from  the  pharynx  and 
thus  loses  entirely  its  original  function ;  it  branches  and  forms 
a  mass  called  the  thyroid  gland.  The  evil  results  following  on 
its  removal  show  that  some  substance,  absolutely  essential  to  the 
proper  metabolism  of  the  body,  is  manufactured  by  this  gland  and 
poured  into  the  blood. 

The  sub-nenral  gland  of  the  Urochordata,  on  the  other  hand, 
seems  to  be  represented  by  a  structure  called  the  pituitary  body. 
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This  like  the  aub-neuial  gland  ia  a  dorsal  pocket  of  the  stomodaeum, 
but  it  becomes  cut  off  from  aJl  connectiou  with  the  mouth  and 
intimately  associated  with  a  downgrowth  of  the  brain,  called  the 
infundibulum,  to  form  a  compound  organ  which  has  some  obscure 
influence  on  the  well-being  of  the  animal.  Since  in  the  case  of  the 
Ui'ocbordata  the  sub-neural  gland  is  fashioned  out  of  the  persistent 
communication  of  the  sense-vesicle  with  the  exterior,  one  is  tempted 
to  regard  the  close  connection  of  the  infundibulum  and  the  pituitary 
body  as  remnants  of  the  former  connection  of  the  brain  and  stomo- 
daeum in  the  ancestors  of  the  Craniata.  Some  authors  maintain 
that  a  rudiment  of  the  infundibulum  is  to  be  seen  even  in  the 
cerebral  vesicle  of  Amphioxtis  (see  Fig.  174). 

Except  in  the  lowest  forms  the  alimentary  canal  is  differentiated 
into  several  well-marked  divisions.  The  pharynx,  as  the  first  of 
these  is  called,'  is  a  composite  structure  consisting  not  only  of  the 
stomodaeum  but  also  of  that  part  of  the  endodermic  tube  into 
which  the  gill-slits  open.  The  line  of  demarcation  between  ectoderm 
and  endoderm  is  entirely  obliterated  in  the  adult.  Following  on 
the  pharynx  is  a  tube  of  narrow  diameter,  termed  the  oesophagus  or 
gullet,  which  leads  into  the  stomach.  The  stomach,  which  consists 
of  the  first  of  the  loops  into  which  the  alimentary  canal  is  bent  in 
consequence  of  being  longer  than  the  body,  is  a  greatly  dilated 
portion  of  the  canal  and  in  it  the  food  is  stored  until  a  large 
amount  of  digestion  is  accomplished.  As  in  other  animals,  the  food 
is  moved  from  place  to  place  by  peristaltic  contractions  of  the  vis- 
ceral muscles  derived  from  the  inner  wall  of  the  coelom.  There  is  a 
particularly  powerful  girdle  of  these  called  the  pyloric  sphincter 
which  by  remaining  contracted  keep  the  distal  end  of  the  stomach, 
the  stxalled  pylorus,  closed  until  the  work  of  digestion  is 
accomplished,  when  they  relax  and  allow  the  food  to  pass  on  into 
the  next  division  of  the  canal,  the  intestine.  The  walls  of  the 
proximal  part  of  the  stomach  are  produced  into  smalt  pouches,  the 
lining  cells  of  which  secrete  a  substance  called  pepsin,  which  has 
the  power  of  turning  the  proteid  of  the  food  into  soluble  peptone. 

Pepsin  is  an  example  of  a  class  of  substances  called  ferments 
(nitrogenous  compounds  of  unknown  constitution) ;  they  have  the 
power,  as  yet  unexplained,  of  effecting  a  large  amount  of  chemical 
change  without  themselves  undergoing  perceptible  alteration.  Pep- 
sin is  only  active  in  an  acid  medium,  and  free  hydrochloric  acid  is 
found  in  the  contents  of  the  stomach  in  small  quantities,  produced 
by  special  cells  in  the  walls  of  the  pouches  just  mentioned. 
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An  organ  called  the  liver  is  very  conspicuous  (Fig.  206). 
It  consists  of  a  ventral  outgrowth  of  the  gut,  arising  just  behind 
the  stomach,  which  extends  forwards  and  branches  into  an  immense 
tree-like  mass  of  tubes  welded  together  by  connective  tissue  into  a 
solid  mass  extending  forwards  and  nearly  obliterating  the  front  part 
of  the  body  cavity.  Whether  this  organ  really  performs  the  same 
function  as  the  so-called  liver  in  Ampkioxua  is  doubtful.  It  has 
been  proved  that  the  function  of  the  Craniate  liver  is  largely  the 
elaboration  of  an  alkaline  fluid  called  the  bile.  This  is  partly 
excretory  in  nature,  but  has  an  important  influence  upon  the 
processes  of  digestion  and  absorption  in  the  intestine.  The  main 
stem  of  the  liver  tubes  is  called  the  bile-duct ;  there  is  often  a 
lateral  outgrowth  from  this  which  acta  as  a  reservoir  for  the  bile, 
called  the  gall-bladder.  Besides  this,  the  liver  cells  can  form  from 
the  sugar  brought  to  it  from  the  intestine  a  substance  called 
glycogen,  allied  to  starch  in  composition.  This  acts  as  a  reserve 
of  carbohydrate  material  available  for  the  varying  needs  of  the 
times.  The  liver  exercises  other  important  influences  upon  the 
chemical  processes  of  the  body. 

Another  outgrowth  from  the  intestine  arises  sometimes  just 
behind  the  opening  of  the  bile-duct,  sometimes  from  the  duct 
itself.  This  outgrowth,  like  the  liver,  branches  into  a  tree  of  tubes 
which  are  bound  together  by  connective  tissue  to  form  a  solid  mass, 
though  one  of  much  smaller  size  than  the  liver.  This  organ  is 
called  the  pancreas,  and  it  produces  a  secretion  called  pancreatic 
juice,  by  which  the  process  of  digestion  is  completed.  This  juice 
contains  three  ferments  which  are  only  active  in  an  alkaline 
medium.  These  are  araylopsin,  which  turns  starch  and  allied 
substances  into  soluble  sugar;  trypsin,  which  turns  proteid  into 
even  simpler  and  more  soluble  substances  than  peptone ;  and 
steapsin,  which  splits  up  fat  into  fatty  acid  and  soluble  glycerine. 
The  fatty  acid  is  partly  made  soluble  by  uniting  with  the  alkali 
present  in  juice,  but  is  largely  dissolved  in  the  bile  without  under- 
going this  change. 

The  intestine  is  always  somewhat  longer  than  the  body.  Hence 
it  must  be  to  some  extent  looped  or  twisted  (Fig.  207),  though  this 
may  express  itself  only  in  a  slight  curvature.  A  fold  projecting  into 
it  in  some  forms  represents  the  typhlosole  of  the  Urochordata  and 
is  known  as  the  spiral  valve,  since  it  shares  in  the  twisting.  In 
the  intestine  the  digested  food  is  absorbed  and  transferred  to  the 
blood-vessels  and  lymph-canals.     The  last  portion  of  the  intestine 
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is  usually  of  larger  diameter  than  the  rest  and  is  called,  when  thus 
distinguishable,  the  large  intestiue.  In  it  the  indigestible  material 
or  faeces  accumulate  before  being  expelled  from  the  anus. 

The  blood  system  of  the  Craniate  is  distinguished  by  the  posses- 
sion of  A  large  and  well-developed  heart,  which,  like 
Syitern""'^  "^t'c  heart  of  the  Urochordata,  is  an  enlargement  and 
specialisation  of  part  of  the  ventral  vessel.  The  space 
in  which  it  apparently  lies — leally  into  which  it  protrudes — is  called 
the  pericardium,  and  is  only  an  anterior  part  of  the  coelom  shut 
off  from  the  rest  by  the  developement  of  a  transverse  septum.  The 
heart  is  constricted  iuto  four  chambers,  becoming  successively  more 
thick-walled  as  we  proceed  forwards,  and  named,  beginning  from 
behind,  the  sinus  venosus,  the  atrium,  the  ventricle,  and  the 
conus  arteriosus  (Fig.  19o).  It  is  bent  into  an  S-shape,  so 
that  the  sinus  venosus  is  dorsal  and  posterior,  the  atrium  dorsal  and 
anterior,  the  ventricle  ventral  and  posterior,  and  the  conus  arteriosus 
ventral  and  anterior.  The  conus  arteriosus  leads  into  the  venti-al 
aorta,  which  gives  off  the  arterial  arches;  these  are  branches 
which  ascend  between  the  gill-sacs  and  ramify  on  their  walls.  From 
the  gills  the  blood  collects  into  epibranchial  vessels  which  join 
to  form  two  vessels  on  the  dorsal  wall  of  the  pharynx,  the  roots  of 
the  dorsal  aorta.  These  unite  behind  the  pharynx  into  a  single 
dorsal  aorta,  giving  blood  to  all  the  hinder  part  of  the  body.  The 
forward  extensions  of  the  two  epibranchial  vessels  carry  lilood  to 
the  head  and  are  known  as  the  carotid  arteries.  There  can  be 
little  doubt  that  the  impulse  leading  to  the  evolution  of  the  heart 
came  from  the  necessity  of  having  a  strong  force  t«  drive  the  blood 
through  the  capillary  channels  on  the  walls  of  the  gill-sacs. 

Each  chamber  of  the  heart  is  separated  from  the  one  behind  by 
valves,  which  are  flaps  of  membrane  free  to  move  in  one  direction  so 
as  to  open  and  admit  blood  from  Ijehind,  but  restrained  by  tendinous 
cords  from  being  driven  further  ba^k  than  so  as  just  to  meet  when 
the  chamlwr  contracts,  and  thus  prevent  the  backward  movement  of 
the  blood.  In  the  conus  there  may  be  several  transverse  rows  of 
pocket  valves.  These  valves  as  their  name  implies  are  loose 
pockets  of  membrane  which  are  pressed  flat  against  the  wall  of  the 
conus  during  the  forward  movement  of  the  blood,  but  which  when 
the  conus  contracts  become  filled  with  blood  and  swollen  out  so  as  to 
meet  one  another  and  prevent  the  reflux  of  blood  into  the  ventricle. 

The  developement  of  the  liver  has  exercised  a  profound  infiu- 
ence  on  tlie  afferent  part  of  the  blood  system  corresponding  to  the 
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hinder  part  of  the  sub-intestinal  vein  of  Ampbioxus.  The  vast 
mass  of  tubes  projecting  into  it  has  broken  it  up  into  it  network  of 
capillary  channels  called  the  hepatic  portal  system,    In  front  of 

lunul  CvcKu)     I 
EitvniBj  Cantid     \ 


Fio.  194.    Diagram 
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this,  where  it  enters  the  einue  venosus,  it  is  known  as  the  hepatic 
vein;  behind,  brancbeB  from  thewallsof  the  intestine  bo  overshadow 
the  original  ventral  trunk  that  this,  embedded  l>etween  the  limbs 
of  the  spiral  valve,  appeals  as  merely  a  small  branch  of  the  com- 
posite trunk,  the  portal  vein. 

The  blood  from  the  muscles  aud  kidneys,  in  a  word,  from  the 
dorsal  and  outer  parts  of  the  coelom,  collects  into  two  longitudinal 
channels  called  the  cardinal  veins.  These  empty  into  the  sinus 
venosus  by  transverse  trunks  calledductus  Cuvieri.  These  trans- 
verse trunks  divide  the  veins  into  anterior  cardinals  returning 
blood  from  the  head,  and  posterior  cardinals  returning  it  from 
the  rest  of  the  l)ody.  In  the  tail  the  two  posterior  cardinals  are 
represented  by  the  median  caudal  vein,  which  further  forward  splits 
into  two.  Just  as  the  course  of  the  original  sub-intestinal  vein  has 
been  obstructed  by  the  growth  of  the  liver,  so  that  of  the  posterior 
cardinal  has  been  choked  by  the  growth  of  the  kidney  tubes. 
The  blood  from  the  tail  and  hind  limbs  is  forced  to  filter  amongst 
these  in  a  series  of  narrow  channels  called  the  renal-portal 
system.  The  front  part  of  the  vein  retains  the  name  posterior 
cardinal :  the  hinder  part  is  called  the  renal-portal  vein.  Since 
the  kidney  tubes  also  receive  blood  from  the  dorsal  aorta  they,  like 
the  liver,  have  a  double  supply. 

The  blood  of  Craniata  has  in  addition  to  the  ordinary  amoebo- 
cytea  a  much  larger  number  of  oval  or  round  cells  impregnated 
with  haemoglobin,  called  red  blood-corpuscles.  Haemoglobin 
has  been  mentioned  when  describing  Lumbricua,  in  which  worm 
it  is  found  diffused  in  the  blood  fluid.  The  great  characteristic 
of  haemoglobin  is  its  power  of  forming  a  bright  red,  unstable 
compound  with  osygen.  This  compound  is  formed  in  the  respira- 
tory organ  and  carried  by  the  circulation  to  all  parts  of  the 
body.  In  the  capillaries  it  is  broken  up  and  the  oxygen  absorbed 
by  the  tissues.  The  haemoglobin  having  lost  its  osygen  changes  in 
colour,  and  the  impure,  blood  which  leaves  the  tissues  is  in  conse- 
quence bluish.  From  the  tissues  the  blood  also  takes  up  carbon 
dioxide;  this  is  given  off  again  in  the  respiratory  organs. 

On  page  119  it  was  pointed  out  that  both  blood  and  connective 
tissue  have  been  derived  from  a  jelly-like  secretion  such  as  is  found 
in  Coelenterata.  This  in  the  embryo  coelomate  animals  fills  up  the 
interstices  between  ectoderm,  endoderm,  and  coelomic  sacs,  these 
interstices  being  collectively  termed  the  primary  body  cavity  or 
haemocoel.     It  was  also  pointed  out  there,  that  whereas  in  the 
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part  of  the  jelly  which  -was  converted  into  coimective-tissiie  a  large 
Dumber  of  fibres  were  developed,  in  the  portion  destined  to  form 
blood,  on  the  contrary,  no  iibi'es  appeared  and  the  jelly  remained 
fluid,  and  in  cousequence  the  ainoebooytes  which  had  wandered  into 
it  from  the  neighbouring  epithelia  were  able  freely  to  move  about 
In  Annelida,  Arthropoda,  and  Mollusca  certain  of  the  blood-spaces 
acquire  muscular  wails  derived  from  the  adjacent  coelomic  sacs, 
and  thereby  attain  contractility  which  may  be  sjiecially  localised  in 
a  dilatation  called  the  heart.  The  spaces  with  muscular  walls  are 
the  arteries.  In  Craniata a  further  differentiation  has  taken  place: 
we  find  not  only  a  definite  heart  and  arteries  leading  away  from  it, 
but  also  equally  definite  veins  leading  into  it  as  descrilied  above, 
and  arteries  and  veins  are  connected  with  one  another  by  narrow 
channels  called  capillaries  with  well-marked  walls.  Heart, 
arteries,  veins,  and  capillaries  are  all  lined  by  a  single  layer  of 
flattened  cells  called  an  endothelium,  which  has  been  developed 
from  the  flattening  out  and  union  of  a  certain  number  of  amoebo- 
cytes.  The  capillaries  possess  no  other  wall,  but  arteries  and  veins 
have  both  a  layer  of  circular  muscles  outside  this  developed  from  the 
adjacent  coelomic  sacs.  These  muscles  do  not  contract  regularly 
like  those  of  the  heart,  but  maintain  a  condition  of  continued 
contraction  called  tone,  which  renders  the  blood-flow  caused  by 
the  beats  of  the  heart  steady  and  even.  This  tone  can  be  varied 
locally  by  various  stimuli  and  so  the  amount  of  blood  entering  an 
organ  is  regulated. 

In  Craniata  however,  outside  the  definite  arteries,  veins,  and 
capillaries,  there  exists  a  large  portion  of  the  haemocoel  in  the 
form  of  irregular  channels  and  interstices,  in  many  cases  without 
definite  walls,  an  endothelium  being  found  only  in  the  larger  trunks. 
The  system  of  spaces  is  known  as  the  lymphatic  system.  It 
contains  a  clear  fluid  in  which  amoebocytes  float,  but  no  haemo- 
globin-containing cells,  and  at  one  or  several  points  the  main 
trunks  of  the  system  open  into  the  large  veins.  The  finer  branches 
of  the  system  ramify  amongst  all  the  organs  of  the  body.  There 
is  no  circulatory  current  in  the  lymph  canals  except  in  those 
belonging  to  the  viscera,  but  there  are  valves  arranged  so  that  with 
every  contraction  of  neighbouring  muscles  some  fluid  can  pass 
forwards  In  one  direction  but  not  backwards. 

It  will  be  seen  that  in  Craniata,  unlike  Arthropoda  and  Mollusca, 
the  blood,  being  everywhere  confined  to  vessels  with  definite  walls, 
does  not  directly  bathe  the  tissues  of  any  oi^n ;  but  that  materials 
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must  first  diffuse  through  the  walls  of  the  blood-vessels  into  the 

lymph-spaces  before  they  can  reach  the  tissue. 

The  supply  of  amoebocytes  to  both  blood  and  lymph  is  provided 
for  by  the  presence  of  several 
actively  growing  nodules  of 
cells  which  bud  off  amoebo- 
cytes into  the  adjacent  lymph- 
channels.  These  packets  of 
cells  are  called  lymphatic 
glands :  the  largest  is  a  mass, 
usually  of  a  reddish  colour, 
called  the  spleen,  which  is 
attached  to  the  mesentery 
just  dorsal  to  the  posterior 
end  of  the  stomach. 

The  muscles   of  the  Cra- 

niata,  like  those 

of    the    Cephalo- 

chordata,  are  developed  from 

the  inner  walls  of  a  series  of 

dorsal  coelomic  pockets,  in  a 

8(  word,   from    myotomes.     Un- 

like that  of  the  Cephalochor- 

F:o.  IDS.  DiH^nini  of  the  venous 
Hysteiu  of  3lusCflu»  anfarrlicui. 
From  T.  J.  I'arker. 

1.  Orbital  sinuB.  2.  Hjoidean 
vein.  3.  Ductus    Cuvieri. 

4.  Anterior  cardinal  vein.  5. 
Jugular  vein.  6.  Conus  arteri- 
08U8.  7.  Ventricle.  8.  Atrium. 
I'  9.  Sinua  venoBiis.       10.   Hepatic 

vein.  11.  Liver.  12.  Hepatic 
vein.  13.  Hepatic  portal  vein. 
14.  Left  cardinal  vein.  16. 

Brachial  vein.  16.  Sub-clavian 
vein.  17.  Gonad.  18.  Pos- 
terior cardinal  vein.  19.  Sper- 
matic vein.  20.  Lateral  vein. 
21.  Renal-portal  veins  from 
caudal  vein  to  kidney.  22. 

Rigbt  posterior  cardinal  vein. 
23.  Alimentary  canal.  24.  Vein 
connecting  orbital  sinuses.  25. 
Sub-intestinal  vein.  26.  Kidney. 
27.  Pelvic  vein.  2B.  Cloacal 
vein.  29.  Femoral  vein.  30. 
Caudal  vein. 
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data  the  truuk  coelom  does  not  become  at  first  completely  divided 
into  separate  sacs,  the  ventral  portions  of  which  fuse  later.  In 
the  Craniata  this  stage  is  skipped  in  dev elopement,  and  the  coelom 
appears  from  the  first  as  a  pair  of  elongated  sacs  undivided  below, 
but  segmented  above.  After  the  complete  separation  of  the  dorsal 
portions  as  myotomes  the  ventral  parts  of  the  two  sacs  unite 
beneath  the  intestine,  whilst  above  it  their  walls  become  apposed, 
forming  the  vertical  sheet  of  tissue  known  as  the  mesentery,  in 
which  the  intestine  is  slung. 


Fio.  166.     Doi^l  view  of  head  of  Scyllium  raniailn  x  1.    Tbe  right  orbit  has 

been  exposed  so  as  lo  sliow  Lhe  lauscles  tliai  niuve  Che  eye  and  the  Eecond 
and  fourth  nerves. 
1.  Lens  of  the  eye.  2.  Superior  rectus  muscle  of  the  eyeball,  3.  EX' 
temal  (or  posterior)  rectus  muscle.  4.  Inferior  rectus  muHcle.  5.  In- 
ternal (or  anterior]  rectus  muscle.  6.  Inferior  obliqne  muscle. 
'.  Superior  oblique  mawle  ;  the  slender  nerve  entering  this  muscle  Is  the 
fourth  cranial.          8.   Second  cranial  or  optic  nerve,  the  nerve  of  sight 

No  representative  of  the  collar  coelom  of  the  Hemichordata  and 
Cephalochordata  has  yet  been  with  certainty  detected,  but  there 
exists  in  the  embryo  of  the  lower  Craniates  a  well-defined  repre- 
sentative of  the  anterior  coelom  or  proboscis  cavity  of  the  Hemi- 
chordata. This  is  termed  the  anterior  bead  cavity,  and  is  a 
bilobed  sac  lying  beneath  the  eyes.     Sometimes  the  two  halves  are 
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completely  separated.  Its  walls  give  rise  to  the  majority  of  the 
muscles  which  move  the  eyeballs.  It  is  necessary  of  course  for  the 
etiicient  action  of  the  eyes  that  they  should  be  moveable,  and  this 
is  brought  about  by  the  space  around  the  eyeball  becoming  con- 
verted into  a  cavity  called  the  or  bit,  which  in  the  lower  Craniatais 
continuous  with  the  anterior  cardinal  vein,  and  thus  contains  blood 
(Figs.  195  and  196).  To  each  eyeball  six  muscles  are  attached, 
two  arising  from  the  anterior  part  of  the  orbit  and  inserted  one 
above  and  one  below  the  eyeball,  and  named  respectively  the 
superior  aud  inferior  obtiqne;  and  four  arising  close  together 
from  the  po.sterior  corner  of  the  orbit  and  inserted  on  the  eyeball 
one  above  and  one  below,  the  snperior  and  inferior  recti,  and 
one  antero-laterally,  the  internal  or  anterior  rectus,  and  one 
postero-laterally,  the  external  or  posterior  rectus. 

The  inferior  oblique,  the  internal,  superior,  and  inferior  recti  are 
developed  from  the  walls  of  the  anterior  head  cavity.  The  superior 
oblique  is  developed  from  the  first  myotome  lying  on  the  edge  of 
the  mouth.  This  possibly  corresponds  to  tho  collar  cavity,  since  in 
the  embryo  it  has  a  downward  extension.  The  external  rectus  is 
formed  by  the  second  myotome.  The  muscles  derived  from  the 
anterior  head  cavity  are  supplied  by  a  common  nerve,  the  third 
cranial ;  the  superior  oblique  is  supplied  by  the  fourth,  and  the 
external  rectus  by  the  sixth  cranial. 

Most  of  the  muscles  which  compress  or  expand  the  gill-sacs  are 
derivatives  of  the  wall  of  the  nnsegmented,  ventral  portion  of  the 
coelom.  From  the  inner  wall  of  this  part  of  the  coelom  all  the 
muscles  of  the  alimentary  canal,  which  in  Craniataare  longitudinal 
as  well  as  circular,  arise,  as  do  the  muscles  in  the  walls  of  the 
blood-vessels.  Fi'om  the  myotomes  are  derived  the  muscles  by 
which  the  locomotion  of  the  animal  as  a  whole  is  carried  out.  In 
the  lower  Craniata  these  have  the  same  simple  arrangement  as  was 
found  in  the  ease  of  Amphioxiis,  but  in  the  higher  forms,  where  the 
movements  are  complicated  by  the  developeraent  of  limbs,  these 
muscles  are  divided  into  nujnerous  bundles,  with  a  very  complex 
arrangement.  All  the  muscles  derived  from  the  myotomes  are 
composed  of  striated  fibres.  Most  of  those  governing  the  move- 
ments of  the  alimentary  canal  and  blood-vessels  are  composed  of 
smooth  fibres,  but  to  this  statement  the  muscles  of  the  heart  form 
an  exception. 

The  excretory  and  reproductive  organs  are  closely  related 
in  developement,  and  by  recent  research  their  relation  to  those  of 
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the  Ceplialochordata  has  been  made  tolerably  plain.  The  unit  in 
the  excretory  system  is  a  tube  opening  into  the  body  cavity  at  one 

end  and  at  the  other  into  a  longitudinal  duct  which 
urino-senitii     opcns  into  the  proetodaeum  behind.     If  it  opened  to 

the  exterior  directly  it  would  be  essentially  identical 
with  the  nephridium  which  constitutes  the  excretory  organ  of 
Annelida  and  MoUusca.  Of  these  tubes  in  the  Craiiiata  there  are 
two  kinds:  the  first  or  prone  phric  tubules,  called  collectively  the 
pronephros,  develope  in  continuity  with  the  duct  into  which  they 
open.    This  is  called  the  archinephric  duct,  or  sometimes  the 


Fio.  1S7.  Diagrams  illuetrtiting  the  devptnpemenl  of  the  urino-g«nital  orKanii 
of  Craniata.  [For  full  ejipiiLnatLan  see  sections  on  KlaaiDobranchii  and 
Amphibia.] 

A.   Developement  of  pronephros  and  segmental  duct,  B.   Atrophy  of  pro- 

nephros, developement  of  mesonephros.  C.  Differentiation  of  pro-  and 
raeao-nepbric  ducts.  D.   Deveiopement  of  metanephros,  male  type. 

K,  Female  type.  1.  Allantoic  bladder,  4.  Gonad.  .'i.  Intestine. 
7.   Mesonephric  duct.  8.   Kephrostouie.  S.   Meiancphric  duct. 

10.   Metanephros.  12.   Ovary.  13.   Oviduct  H.   Pronephros, 

l.'i.   Archinephric  duct.         tO.   Testis. 

Wolffian  duct,  after  Caspar  Wolff,  who  first  saw  it  develope  in 
the  embryo.  The  pronephric  tubules  are  situated  at  the  upper  and 
outer  angle  of  the  unsegmented  coelom,  a  position  exactly  corre- 
sponding to  that  of  the  nepbridia  of  Ampkioxtui,  except  that  in  the 
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CraDiata  they  are  not  developed  in  the  shorteaed  branchial  region 
but  immediately  behind  it. 

There  can  be  no  serious  doubt  of  the  homology  of  the  two  sets 
of  organs,  and  the  somewhat  startling  conclusion  follows  that  the 
atrial  cavity  of  Amphioxus  must  be  the  homologue  of  the  arehi- 
nephric  duct.  This  conclusion,  however,  must  not  be  expressed  in 
the  form  that  the  archinephric  duct  is  derived  from  the  atrial 
cavity,  but  rather  that  both  seem  to  be  developements  of  a  primitive 
groove,  ovei'hung  by  a  longitudinal  ridge,  which  may  be  called  the 
Wolffian  lidge,  and  which  corresponds  to  the  ati-ial  fold  in 
Ampkioxits.  This  view,  to  which  we  are  driven  when  we  compare 
the  corresponding  parts  of  the  tubules  of  Craniata  and  Cephalo- 
chordata,  is  supported  by  i-ecent  observations  on  the  developement 
of  the  archinephi-ic  duct.  It  appears  probable  that  this  arises  as  a 
solid  ingrowth  of  ectoderm,  a  method  of  developement  which,  from 
the  study  of  other  cases  where  it  occurs,  may  legitimately  be 
regarded  as  a  modified  form  of  invagination  or  intucking  of  ecto- 
derm. The  exceptional  developement  of  the  Wolffian  ridge  in 
Amphioxus,  so  as  to  form  a  veil  over  the  gills, .and  wall  in  the  atrial 
cavity,  is  perhaps  advantageous  in  a  burrowing  animal. 

The  pronephric  tubules  are  only  developed  in  the  larval  form 
and  so  far  as  is  known  they  persist  in  no  adult  Craniate.  They 
become  replaced  by  the  3e<;ond  kind  of  tubules,  termed  the  meso- 
nephrie  tubules,  which,  like  the  pronephric,  open  into  the  coelom, 
but  unlike  these  swell  out  immediately  beyond  this,  forming 
thin-walled  capsules,  termed  the  Malpighian  capsules,  into 
which  a  thin-walled  plug  containing  a  plexus  of  blood-vessels,  the 
glomerulus,  projects,  A  similar  structure,  it  is  true,  pi-ojects 
from  the  root  of  the  mesentery  into  the  general  coelom  opposite  the 
openings  of  the  pronephric  tubules.  The  cells  covering  this  plug  in 
both  cases  extract  water  and  excreta  from  the  blood  and  discharge 
them  in  the  one  case  into  the  Malpighian  capsule,  in  the  other  case 
into  the  coelom,  whence  they  are  swept  into  the  ojien  pronephric 
funnel. 

The  mesonephric  tubules  are  developed  from  the  necks  connect- 
ing the  myotome  with  the  general  coelom,  that  is,  from  the  lower 
end  of  the  myotome,  a  position  corresponding  to  the  point  of  origin 
of  the  genital  organs  in  Amphioxus.  These  necks,  which  may  be 
termed  nephro tomes,  break  loose  from  the  myotomes,  curve  round 
and  acquire  openings  into  the  archinephric  duct.  It  is  the  central 
part  of  the  tubule  which  swells  out  to  form  the  Malpighian  capsule. 
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It  has  been  suggested  that  the  mesonephric  tubules  are  the  homo- 
logues  of  the  genital  sacs  of  Amjihiomis,  and  this  suggestion 
receives  support  from  the  fact  that  the  genital  organs  in  the  lower 
Craniata  originate  from  the  lower  ends  of  the  nephrotomes,  just 
where  these  enter  the  general  coetom,  and  consequently  the  genital 
organs  are  at  first  segmented.  The  change  of  function  suggested 
above  seems  at  first  sight  a  little  forced,  but  we  must  remember 


Flo.  108.  DiaKrammaiic  Iransvei-se  section  of  a  hypothetical  ancestral  Elasiiio- 
liraiicli  to  sliuw  ori(;in  o[  reiinl  and  genital  oi^acis.  On  left  side  a  later 
coiidltioa  is  shown  than  in  ihc  right. 

1.   Nerve-cord.  2,   Kotochord.         S.   Myotome.         4,   Dorsal  sclerotome. 

6,   Ventral  Bclerotome.  0.   Keplirotome.  7.   Pro nephric  tubule. 

8.   Archiuepiiric  duel  as  an  o[jen  groove.  9.   Rudiment  of  Renilal 

gland.  10.   Aorta.  II.   Alluientary  canal.  12.    L'liseRmented 

coeliitn.  13.   Mesonephric  tubule.  14,   Archinephric  duct. 

16.   Seminal  tubule. 

that  in  primitive  Vertebrata,  as  in  Annelida,  the  whole  coetoinic 
wall  had  probably  an  excretory  function,  and  hence  if  jwrmanent 
instead  of  temporary  poi-es  for  the  di.scharge  of  genital  products 
were  formed,  tliese  pores  would  allow  the  escape  of  excreta  thrown 
out  by  the  neighbouring  porHons  of  the  coelom,  the  excretory 
function  of  which  would  therefore  be  stinitilated. 

The  genital  rudiments  soon  coalesce  to  form  continuoua  ridges 
projecting  into  the  general  coelom  on  either  side  of  the  root  of  the 
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mesentery.  In  tbe  female  the  sexual  cells  or  ova,  when  ripe,  drop 
into  the  coelom  and  are  conveyed  to  the  exterior  by  an  oviduct 
opening  into  the  body  cavity  with  a  wide  funnel.  The  oviduct 
arises  from  a  groove  in  the  dorsal  coelomic  wall,  the  edges  of  which 
meet.  Posteriorly  it  opens  into  the  proctodaeum.  In  the  male,  on 
the  other  hand,  the  sexual  cells  arrange  themselves  in  tubes,  the 
seminiferous  tubules,  which  retain  in  most  Craniata  a  perma- 
nent connection  with  certain  of  the  mesonephric  tubules  through  a 
set  of  tubes  called  the  testicular  network,  which  like  the  oi^ns 
they  connect  are  derived  from  the  uephrotomes.  The  archinephric 
duct  therefore  acts  as  vas  deferens  or  male  duct.  Since  through 
the  opening  of  the  proctodaeum  not  only  the  faeces  are  expelled  but 
also  the  excretory  products  and  spermatozoa  from  the  archinephric 
duct,  and  ova  from  the  oviduct,  this  aperture  has  received  the 
name  of  cloaca,  the  Roman  name  for  'sewer.' 


Division  I.     Cyclostomata 

The  Craniata  are  divided  into  two  main  groups,  namely,  the 
Cyclostomata  and  the  Gnathostomata.  The  former  division, 
distinguished  by  the  absence  of  true  visceral  arches  and  of  jaws, 
includes  at  the  present  day  only  a  few,  probably  degenerate,  worm- 
like  animals,  with  like  Amphioxus  short  tails,  and  with  naked 
skins.  The  name  Cyclostomata  means  Round- mouthed  (Or.  kvkAck, 
a  circle ;  (tto^,  mouth),  and  alludes  to  the  cii-cumstance  that  the 
edges  of  the  mouth  are  stiffened  by  a  ring-shaped 
cartilage,  the  annular  cartilage,  so  that  the  mouth 
cannot  be  closed  (2,  Fig.  201).  There  is  a  piston-shaped  tongue 
supported  by  a  lingual  cartilage,  and  the  whole  is  protruded  by 
a  muscle  attached  to  the  annular  cartil^e  in  the  lips  (Fig.  200). 
Both  the  tip  of  the  tongue  and  the  walls  of  the  stomodaeum  are 
beset  with  horny  teeth,  developed  from  the  a^lutinated  cells  of 
the  skin.  The  expansion  of  the  stomodaeum  causes  the  mouth  to 
act  like  a  sucker,  and  the  whole  animal  is  thus  enabled  to  adhere 
to  some  foreign  body,  such  as  a  stone,  or  to  some  victim,  usually 
a  fish,  in  which  ca.se  the  rasp-like  tongue  works  a  hole  in  the  fiesb 
of  the  prej'.  The  stomodaeum  is  gi'catly  elongated  and  is  supported 
in  its  roof  by  several  broad  cartilages,  the  so-called  labial  carti- 
lages; in  consequence  the  eyes  and  gill-slits  appear  to  be  pushed 
very  far  back. 
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The  condition  of  the  sense-organs  is  one  of  the  most  marked 
characteristics  of  the  Cyclostomata.  The  nose  is  represented  by  a 
single  sac  placed  far  back  in  consequence  of  the  elongation  of  the 
stomodaeum,  as  above  explained.  This  single  sac  is  drawn  out 
into  a  long  tul>e  passing  lieneath  the  bi-ain,  and  in  one  order,  the 
Myxinidae,  or  the  Hag-fishes,  this  opens  into  the  roof  of  the 
stomodaeum.     The  tube-like  prolongation  is  really  the  pituitary 


body,  which  in  the  embryo  developes  close  to  the  nasal  sac.  The 
groove  connecting  the  two  organs  becomes  closed  so  as  to  form  a 
canal,  and  then  by  the  great  developement  of  the  suctorial  mouth 
the  external  openings  of  the  two  organs  widely  removed  from  one 
another. 

The  eye  developes  no  proper  cornea  or  aqueous  humour,  the 
lens  remaining  in  connection  with  the  skin.  The  ear  is  represented 
either  by  two  semicircular  canals  and  a  vestibule  (or  sacculus) 
in  the  Lamprey,  or  by  a  single  membranous  tube  in  the  Hag-fish. 
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Tlwr  ;HIl-«litfi  are  seven  in  riuml^r,  and  have  the  form  of  regular 
(fiU-na/;*   nt^Wtii'^  th'^^  of  the  Hemichonjata,  ooly   without  the 
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toiiRue-lMirs.    The  external  opening  is  very  small;  the  connection 
with  the  gullet,  on  the  othei-  hand,  is  a  vertical  slit  (,Fig.  200). 
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The  whole  set  of  sacs  is  supported  on  a  framework  of  cartilage 
consisting  of  longitudinal  dorsal  and  ventral  bars,  connecting  cross- 
pieces  pass  between  the  sacs  and  give  off  branches  encircling  their 
outer  openings  (Fig.  201).  The  whole  of  the  branchial  basket, 
as  it  is  called,  is  a  developement  of  the  dermis  and  has  nothing  to 
do  with  the  visceral  aiches  of  the  Craniata,  as  will  be  shown 
later. 

The  commencement  of  the  true  alimentary  canal  is  marked,  as 
in  Amphioxns,  by  a  velum.  What  corresponds  to  the  hyper- 
pharyngeal  groove  in  that  animal  is  in  many  species  of  Cyclosto- 
mata  completely  constricted  off  from  the  remainder  of  the  gullet, 
but  opens  into  the  aSimentary  canal,  and  is  known  as  the  oesoph- 
^us,  though  this  word  is  used  in  a  different  sense  fiom  that  in 


fia.  SOI.  A,  doTBsl ;  B,  Uleral,  and  C,  venlr&l  view  of  tlie  skull  of  Ptlromatoa 
mariaue  x   1  (after  Parker). 

1.   Homy  teeth.  2.   Annular  csrtilagc.  3.   Anterior  labial  cartilage. 

4.  Posterior  labial  cartilage.       G.  Nasal  capsule.       6.  Auditory  capsule. 
7,   Dorsal  portloD  o(  trabeculae.  8.   Lateral  distal  labial  cartilage, 

ff.    Lingual  cartilage.  10.   Branchial  basket.         11.   Cartilaginous  cup 

supporting  pericanlium.  12.   Sheath  of  notochord.  13.   Anterior 

neural  arches  fused  together. 

which  it  is  used  in  the  case  of  the  Gnathostomata.  The  lower 
part  of  the  gullet  which  communicates  with  the  gill-slits  ends 
blindly  behind  and  is  called  the  respiratory  tube. 

The  hinder  part  of  the  alimentary  canal  is  a  nearly  straight 
tube,  the  spiral  valve  having  a  very  slight  deviation  from  a  straight 
course.  There  is  no  dilatation  of  any  kind  in  its  course.  The 
large  liver  empties  its  secretion  by  the  bile-duct,  which  opens  into 
the  intestine  a  short  distance  behind  the  branchial  region. 
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The  skull  consists  of  the  simplest  elements,  viz.  the  trabeculae, 
with  a  wide  hole  for  the  infundibulum,  and  the  parachordals, 
forming  only  a  slender  arch  over  the  hinder  part  of  the  brain,  but 
developing  a  low  aide  wall  throughout  their  extent  with  which  the 
simple  auditory  capsule  is  fused.  The  nasal  capsule  is  represented 
bj  cartilage  stiffening  the  nasal  tube.  The  brajn  is  remarkable 
for  having  a  thin  membranous  roof  except  just  at  the  front  end 
of  the  hind-brain  where  a  narrow  band  of  nervous  matter  represents 
the  cerebellum. 

The  only  fins  present  consist  of  a  fringe  of  skin  similar  to  that 
found  in  Ampkioxas  surrounding  the  hinder  end  of  the  body  in  the 
vertical  plane.  This  fringe  is  divided  by  a  notch  into  an  anterior 
(or  dorsal)  and  a  caudal  fin.  The  dorsal  fin  is  suppoi-ted  by 
cartilaginous  rays  situated  above  the  neural  arches  which  protect 
the  spinal  cord;  the  caudal  fin  has  in  addition  to  these,  i-ays  situated 
below  the  haemal  arches.  A  caudal  fin  of  this  description,  which 
the  notochord  divides  into  two  equal  lobes,  is  called  diphycercal. 

Eiesides  the  neural  arches  (13,  Fig.  201)  and  small  haemal  arches 
in  the  tail  no  other  cartilage  is  developed  in  connection  with  the 
axial  skeleton,  the  notochord  with  its  thick  fibrous  sheath  persisting 
unchanged  throughout  life. 

The  pericardium  is  not  completely  separated  from  the  remainder 
of  the  body  cavity,  and  the  genital  organs  take  the  form  in  both 
sexes  of  a  single  median  ridge  projecting  into  the  body  cavity  (Fig. 
200).  No  connection  of  the  testis  tubules  with  the  kidney  tubules 
exists,  nor  is  there  any  trace  of  an  oviduct,  both  ova  and  sperma- 
tozoa being  freely  shed  into  the  body  cavity  and  escaping  by  two 
abdominal  pores  or  simple  openings  in  the  body-wall  placed 
ventrally  to  the  openings  of  the  kidneys.  Inasmuch  as  these  latter 
open  directly  to  the  exterior,  and  are  quite  independent  of  the 
opening  of  the  intestine  which  is  placed  more  ventrally,  we  may 
state  that  no  cloaca  has  yet  been  developed. 

Living  Cyclostomata,  represented  by  a  single  class  which  may 
be  called  Marsipobranchii  (Gr.  iiaptrixiK,  a  pouch), 
are  divided  into  two  families :  (i)  Petkomyzontidab, 
(ii)  Myxinidae. 

(i)  In  the  first  family,  familiarly  known  as  the  Lampreys,  the 
pituitary  body  appears  as  a  blind  process  from  the  nasal  sac :  each 
gill-sac  opens  directly  to  the  exterior,  and  the  hyperpharyngeal 
groove  is  separated  from  the  rest  of  the  alimentary  canal  as  a  dis- 
tinct tube,  the  so-called  oesophagus.' 
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The  Lampreys  (PetrmnyxOM)  are  conspicuous  in  the  early  spring, 
when  they  ascend  small  brooks  to  spawn.  Several  species  inhabit 
the  rivers  of  Great  Britaia,  Canada,  and  the  United  States,  but  the 
differences  between  them  are  triSing,  depending  mainly  on  the 
developementof  the  horny  teeth  covering  the  tongue.  One  species, 
Petromyzon  mannua,  attaining  a  much  larger  size  than  the  others, 
inhabits  the  sea.  It  may  i-eaeh  a  lengtli  of  three  feet,  whereas  the 
other  forms  do  not  grow  longer  than  from  ten  to  twelve  inches. 
The  e^s  of  Lampreys  develope  into  a  most  interesting  larval  form 
which  stands  in  many  respects  nearer  to  the  other  Oraniates  than 
does  the  adult,  and  supplies  an  intermediate  stage  between  Aror 
phioxus  and  an  ordinary  Craniate.  This  larva  is  called  the 
Ammocoetes,  and  its  mode  of  life  resembles  on  the  whole  that  of 
Ampkioxua.  Like  that  animal  the  Ammocoetes  lives  on  what  the 
currents  of  water,  produced  by  the  cilia  inside  the  velum,  bring. 
The  thyroid  gland,  which,  as  we  have  seen,  represents  the 
endostyle,  remains  open,  and  still  performs  its  primitive  function  of 
secreting  a  cord  of  mucus,  which  is  carried  up  dorsally  by  a  ciliated 
groove,  the  peripharyngeal  baud,  situated  just  behind  the  velum. 
The  hyperpharyngeal  groove  is  represented  by  a  dorsal  strip  of 
ciliated  cells,  the  current  produced  by  which  sweeps  the  mucus 
backward  into  the  alimentary  canal  just  as  it  does  in  Amphioxua. 

The  tubular  suctorial  stomodaeum  is  represented  by  a  hood-like 
upper  lip,  and  a  distinct  short  under  lip,  and  when  the  mouth  is 
contracted  the  velum  is  produced  into  tentacles  just  as  in  the 
Urochordata  and  in  Ampkioxits.  The  lateral  eyes  are  exceedingly 
rudimentary,  but  there  is  a  large  pineal  eye,  and  the  nasal  sac 
baa  a  median  septum. 

(ii)  The  Mv:t  inidab  are  characterised  by  the  persistent  connection 
of  the  pituitary  body  with  the  stomodaeum,  so  that  there  is  a  tube 
leading  from  the  nasal  sac  to  the  mouth.  There  are  eight  tentacles 
called  barbels  at  the  sides  of  the  mouth,  and  there  is  no  special 
oesophagus  distinct  from  the  rest  of  the  gullet.  The  skin  has  a 
double  series  of  mucous  glands  placed  at  the  sides  of  the  body,  and 
so  much  mucus  can  be  thrown  out  that  a  large  amount  of  water  can 
be  rendered  semi-solid.  The  intestine  has  no  spiral  valve.  The 
Myxinidae  are  the  animals  known  as  Hag-fish.  They  adhere  to 
fish  on  whose  flesh  they  feed,  but  unlike  the  Lampreys,  they  can 
actually  burrow  into  their  victims  so  that  the  stomodaeal  region 
is  completely  buried.  In  connection  with  these  habits  the  stomo- 
daeal region  is  enormously  elongated,  and  the  eyes  remain  in  a 
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rudimentary  condition,  whilst  the  gill  openings  are  pushed  very  far 
back. 

The  Myxinidae  include  two  genera,  Bdettostoma  and  Myxine. 
In  the  former,  which  is  a  genua  inhabiting  the  southern  Atlantic 
and  Indian  Oceans,  the  gill-sacs  are  seven  in  number  on  each  side 
and  open  separately ;  in  Myxirie,  on  the  other  hand,  each  external 
opening  of  the  six  gilt-sacs  is  drawn  out  into  a  long  tube,  and  the 
tubes  of  each  side  curve  back  and  unite,  to  open  by  a  common 
atrial  pore  placed  so  far  back  that  this  auimal  can  insert  almost  half 
its  length  into  the  body  of  its  victim  without  interfering  with  its 
breathing.  The  portal  vein  is  rhythmically  contractile.  Myxine 
is  common  on  both  the  Atlantic  and  Pacific  coasts  of  North 
America  and  on  the  European  coast. 


Division  II.     Gnathostomata 

The  great  division  of  the  Gnathostomata  includes  all  the  remain- 
ing Craniata,  and  is  characterised  by  the  developemeut  of  definite 
visceral  arches,  jaws,  and  paired  limbs.  The  visceral  arches 
are  jointed  rods  developed  from  the  inner  or  splanchnic  wall  of  the 
coelom;  they  cannot  therefore  be  considered  as  corresponding  to 
the  branchial  basket  of  Cycl ostein ata.  They  are  placed  in  the 
forms  which  retain  gill-slits  between  these  openings,  and  hence  are 
often  called  gill-bars.  The  first  pair  of  visceral  arches  lie  in  the 
sides  of  the  mouth,  and  consist  on  each  side  of  two  pieces,  hinged 
on  one  another  and  called  the  upper  and  under  jawa  respectively. 
By  the  motion  of  these  on  one  another  the  mouth  can  be  opened 
and  closed.  The  nose  is  always  represented  by  two  sacs,  and  the 
ear  has  three  semicircular  canals. 

The  Gnathostomata  are  divided  into  five  classes.  In  the  first 
three  of  these  the  temperature  of  the  blood  varies  with  that  of  the 
surrounding  medium. 

Class  I.     Pisces 

Gnathostomata  with  fins  supported  by  fin-rays,  and  breathing 
chiefly  by  gills. 

Class  II.     Amphibia 

Gnathostomata  with  pentadactyle  or  five  fingered  limbs  and 
without  fin-rays.     Gill  and  gill-slits  functional  in  the  young  but 
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generally  entirely  lost  in  the  adult.     An  amnion  is  not  formed  in 
tlie  embryo.    The  skin  is  soft  and  moist. 

Class  III.     Reptilia 

Gnatbostomata  with  pentadactyle  limbs.  The  young  are  boi-n 
similar  to  the  adult,  and  in  embryonic  life  develope  an  amnion. 
Skin  with  horny  scales. 

Class  IV.     AvES 

Gnatbostomata  c^reeing  with  Reptilia  in  most  points,  but  with 
hot  blood  which  retains  a  constant  temperature  independent  of  the 
temperature  of  the  surrounding  medium :  the  skin  is  provided  with 
feathers  instead  of  scales  and  the  fore  limb  is  used  as  a  wing. 

Class  V.     Mammalia 

Gnatbostomata  agieeing  in  many  points  with  Reptilia,  but 
clothed  with  hair  instead  of  scales.  The  blood,  like  that  of  Avea,. 
retains  a  constant  temperature  independent  of  that  of  the  surround- 
ing medium.  The  young  are  nourished  after  birth  by  the  secretion 
of  certain  glands  of  the  mother  termed  milk  glands  or  mammary 
glands. 
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CHAPTER  XV 

Sob  Phylum  IV.     Ceaniata 

Class  I.     Pisces 

The  class  Pisces,  or  true  Fish,  are  not,  as  many  would  imagine, 
characterised  by  their  gills  (since  some  Amphibia 
retain  these  throughout  life),  but  by  their  fins.  In 
addition  to  the  vertical  flap  of  skin  with  which  we  have  become  ac- 
quainted izi  the  case  of  the  Cephalochordata  and  the  Cyclostomata, 
we  have  typically  two  pairs  of  lateral  flaps,  an  anterior  pair  called 
the  pectoral  fins,  and  a  posterior  pair  known  as  the  pelvic  fins 
(Figs.  205  and  20G).  Both  from  a  study  of  their  developement  and 
their  condition  in  the  oldest  fishes,  it  is  believed  that  the  paired  fins 
are  derived  from  the  division  of  two  originally  continuous  lateral 
flaps,  of  which  the  intermediate  portions  liave  disappeared.  In  the 
embryo  the  remains  of  these  ridges  are  known  as  the  Wolffian 
ridges,  which,  as  we  have  seen,  can  be  with  some  probability 
identified  with  the  flaps  overhanging  the  groove  that  became 
converted  into  the  primitive  kidney  duct.  If  this  be  so,  we  have 
representatives  of  the  lateral  fins  in  the  walls  of  the  atrial  cavity  of 
Aniphioxtis,  of  which  the  rudimentary  folds  known  as  the  meta- 
pleural  folds  form  part.  If  we  accept  this  view  it  follows,  since 
Cyclostomata  possess  a  kidney  duct,  tliat  they  once  possessed  either 
a  continuous  lateral  fin  or  the  two  pairs  possessed  by  modern  fish. 

AVliilst  the  possession  of  paired  fins  discriminates  the  Pisces  from 
the  lower  Vertebrata,  the  forms  of  these  members  equally  sharply 
mark  the  Pisces  off  from  the  class  with  which  they  are  most  nearly 
allied,  namely,  the  Amphibia.  In  all  the  Pisces  the  limb  or  fin  is  a 
blade-like  organ  which  never  exJiibits  the  sli^'htest  resemblance  to 
the  typical  form  familiar  to  all  in  the  human  lunb,  but  the  Amphibia 
have  as  the  representative  of  the  paired  fins  limbs  in  which  the 
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plan  of  the  human  arm  and  leg  can  be  at  once  recognised.  The 
blade-like  type  of  fin  is  known  as  the  ichthyopterygium  (Ix^, 
a  fish;  rrtpvyiov,  a  little  wing),  the  other  type  of  limb  as  the 
cbeiropterygium  (xup,  the  hand).  Pisces  therefore  are  defined 
by  the  possession  of  ichthyopterygia, 

The  median  or  vertical  fin  is  almost  always  divided,  by  the 
dying  away  of  intermediate  portions,  into  one  or  more  dorsal  fins, 
a  caudal  or  tail  fin  and  a  ventral  fin  (Fig.  208).  Both  the  median 
and  the  paired  fins  are  supported  by  dermal  fin-rays  which  are 
characteristic  of  Pisces  and  distinctive  of  them.  These,  rays  are 
not  to  be  confounded  with  the  gelatinous  fin-rays  of  Ampkioxus, 
or  their  representatives,  the  cai-titaginous  rays  of  the  Cyclostomes, 
Such  rays  are  present  in  the  lower  Fish,  but  the  dermal  fin-rays  are 
far  more  superficial.  They  consist  of  parallel  bundles  of  fibres 
belonging  to  the  connective-tissue  forming  the  dermis.  These 
bundles  are  firmly  glued  together  and  converted  into  homy  matter. 
Since  in  a  flap  there  are  two  sheets  of  dermis,  each  underlying  the 
ectoderm  of  one  side,  we  find  the  ray  made  up  of  two  longitudinal 
pieces  loosely  connected  tc^ether. 

It  will  be  seen  that  since  the  equivalent  of  lateral  fins  is 
found  in  Ampldoxas,  but  not  in  Cyclostomes,  we  must  conclude 
that  the  latter  are  in  some  points  degenerate.  For  this  degenera- 
tion of  the  paired  fins  we  are  able  with  some  plausibility  to 
suggest  a  reason.  The  function  of  these  organs  is  a  balancing  one, 
the  maintenance  of  the  upright  position  in  an  animal  which  is 
flattened  laterally,  so  that  if  left  to  itself  it  would  fall  on  one  side. 
Now  the  Cyclostomata  are  almost  cylindrical  and  hence  the  need 
for  balancers  has  disappeared. 

The  class  Pisces  is  divisible  into  four  orders,  namely,  the 
Elasmobranchii,  the  Holocephali,  the  Dipnoi,  and  the  Teleo- 
Btom  i.  These  orders  can  also  be  distinguished  in  the  case  of  fossil 
fish,  though  the  differences  become  less  marked  as  we  recede  back- 
ward in  time,  and  many  indications  point  to  the  conclusion  that  the 
common  ancestors  of  the  four  orders  woiild,  if  we  could  examine 
them,  be  classed  as  Elasmobranchii.  Hence  the  Elasmobranchii 
may  be  termed  the  basal  group  of  the  Pisces,  although  modern 
Elasmobranchii,  like  all  modern  animals,  are  specialised  in  many 
respects. 
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Older  I.     Blasmobranchii 

The  Elasmobranchii  are  distinguished  (i)  by  not  possessing  any 
gill-cover  or  operculum,  as  it  is  called,  each  gill-sac 
""  *"■  opening  separately  to  the  surface;  (ii)  by  the  absence 
of  an  air-bladder  opening  into  the  alimentaiy  canal ;  and  (iii)  by 
the  absence  of  large  bones  in  the  skeleton.  In  addition  to  these 
negative  characters,  they  are  distinguished  (iv)  by  the  possession  of 
a  peculiar  scale  quite  characteristic  of  the  order. 

This  ^ale,  the  so-called  placoid  scale,  consists  of  a  little  spike 

attached  to  a  small  plate  at  its  inner  end.     The  plate 

ScBin*'  consists  of  true  boue:  the  spike  of  a  modification  of 

true  bone  called  dentine.     Dentine  is  distinguished 

from  bone  by  possessing  no  Haversian  canals  or  spaces  occupied 


Fio.  202.    Section  through  the  skin  of  an  Elaamobranch,  showiog  formation 

of  a  derma]  spine.     Highly  inagnilied. 
1.  Homy  layer  of  ectoderm.  2.  Mnlpighian  layer.  3.  Columnar  cells 

of  ectoderm  secreting  4.      4,  Enamel.      5.   Dentine  (black).     6.  Dentinal 

pulp.        7.  Bony  haaal  plate.        8.  Connective-tissue. 

by  blood-vessels,  nor  even  lacunae,  since  the  cells  of  the  connective- 
tissue  out  of  which  it  is  formed,  remain  external  to  the  dentine. 
Their  protoplasmic  processes,  known  as.  dentine  fibres,  do  how- 
ever peneti'ate  it  and  give  rise  to  canals  called  dentinal  canals. 
The  core  of  soft  connective-tissue  is  called  the  dentinal  pulp. 

The  spike  therefore  may  be  described  as  a  little  wart  of  dermis 
calcified  on  the  outside.  It  pushes  the  ectoderm  before  it  and  it 
becomes  encrusted  with  crystals  of  carbonate  of  lime  forming  the 
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enamellayer(Fig.  202).    These  closelj  set  crystals  are  secreted  by 

the  inner  or  basal  ends  of  the  ectoderm  cells.    One  would  naturally 

expect  that  structures  like  scales,  which  are  closely  arranged  all  over 

the  body,  would  also  invade  the  atomodaeum,  which  is  merely  a  part 

of  the  skiu.     This  we  find  to  be  the  case,  but  here  the  scales  are 

very  greatly  enlarged  in  size  and  changed  in  function ;  they  are  the 

well-known  teeth  which  are  used  for  the  purpose  of  retaining  and 

lacerating  prey  which  has  been  seized.    The  spike  of  the  tooth  is 

usually  flattened  and  blade-like,  and 

provided  with  strongly  serrated  edges.  * 

Fusions  of  several  teeth   can   occur, 

the  teeth  are  developed  in  a  deep  fold 

of    skin,    part    of    the     stomodaeum, 

situated  just  inside  the  lower  jaw,  and 

usually  speaking  only    the  outermost 

row  are  in  use  at  one  time,  the  skin  • 

working  forward  the  next  set  as  each 

row  wears  out. 

The  skull  is  much  better  developed 

than   is  the  case   in   the 

Cyclostoraes.     In  the  cra- 
nium the  parachordals  and  trabeculae 

give  rise  to  a  firm  continuous  plate,  Fh;.  203.  Diagram  of  a  action 
in  which  the  pituitary  fossa  is  reduced  through  tlie  jaw  of  a  Shart, 
to  .  minuf  hole  i  thep,  i>  .  high  .nd  Si'tZ""'^'"':.!'  Sat 
well  developed  side-wall  and  the  roof  From  Reynolds, 
extends  a  long  distance  forward.  The  1-  Teeth  iu  use.  2.  Teeth  in 
sense-capsules,  nasal  and  auditory,  are  i^  oY'the  jaw.  '"5.  Encrastl 
well  developed,  and  firmly  united  with  '"B  calciflcHtion  of  cartilage, 
^v  -  rr,,  ,  ,6.  Connective-tissue.     7.    Ec- 

the  cranium.     The  eyes  are  large  and       loderm  lining  the  mouth. 
highly  developed,  and  the  side-wall  of 

the  cranium  is  indented  to  make  room  for  the  spacious  orbits  in 
which  the  eyes  move.  There  is  a  considerable  part  of  the  head 
in  front  of  the  brain,  which  usually  also  projects  in  front  of  the 
mouth.  This  is  the  rostrum  or  snout,  and  it  is  supported  by 
three  cartilaginous  rods,  one  ventral  and  two  dorsal,  projecting  from 
the  front  end  of  the  cranium.  These  rods  are  the  forerunners  of  the 
ethmoidal  region  in  other  forms.  In  most  species  the  o[>ening 
of  the  nasal  sac  Is  connected  with  the  mouth  by  a  groove  called 
the  oro-nasal  groove  (Fig.  207).  There  are  usually  six  gill- 
clefts  and  seven  visceral  arches  in  Elasmobranchs.    The  first  cleft, 
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sometitnes  called  the  spiracle,  is  rudimentaiy  and  in  some  cases 
entirely  absent.  On  the  other  hand  there  is  one  family,  the  Noti- 
danidae,  with  tvro  extra  clefts  behind,  so  that  tbei-e  are  in  all  eight 
clefts  and  nine  visceral  arches  in  this  family. 

The  first  pair  of  visceral  arches  form  as  we  have  seen  the  jaws. 
The  upper  jaw  is  known  as  the  palato-pterygo-quadrate  bar,  a 
compound  appellation  derived  from  the  names  of  the  boues  by 
which  it  is  represented  iu  the  higher  forms :  the  term  is  sometimes 
shortened  to  pterygo-quadrate.     The  lower  jaw  is  called  Meckel's 


a 

F  IS.  204.  Latemlviewof  theskuUof  aDngfish  (SrffWfuracniiiCufa)  X}.  From 
Keynolds. 

1.  Nasal  capsule.       2.  Boatnim.  3.   Interorbital  canaJ  for  the  passage  of 

a,  blood-vesael.  4.  Foramen  for  hyoidean  ai-t«ry.  5.  Foramen  for  the 
exit  of  the  ophthalmic  branches  of  Vth  and  Vllth  nerves.  0.  Foramen 
through  which  the  external  carotid  leaves  the  orbit.  7.  Orbilo-nasal 
foramen  which  allows  a  blood-vessel  to  reach  the  nose.  6.  Auditory 

capsule.  9.  Foramen  through  which  the  external  carotid  enters  the  orbit. 
10.  Kthmo- palatine  ligament.  11.   Palato-pterygo^^quadrale  bar. 

12.  Meckel's  cartilage.  13.  Hyomandibular.  14,  Cerato-hyal. 

15.  Pharyngo-branchial.  16.  Epi-branchial.  17.  Cerato-branchial. 
18,  Gill-rays ;  nearly  all  have  been  cut  off  short  for  the  sake  of  clear- 
ness. 19.  Extra-branchial.  20.  Pre-spiracular  ligament.  It,  III, 
IV,  y,  Va,  Vila,  IX,  X,  foramina  for  passage  of  cranial  nerves. 

cartilage :  in  front  a  strong  ligament,  the  so-called  eth mo-palatine 
ligament,  attaches  the  upper  jaw  to  the  skull,  whilst  behind  it  is 
supported  by  another  ligament,  called  the 'pre-spiracular  liga- 
ment, running  iu  the  front  wall  of  the  spiracle.  The  second  pair  of 
arches  is  spoken  of  as  the  hyoid,  and  this  too  is  divided  into  two 
portions,  an  upper,  the  hyomandibular,  which  is  firmly  con- 
nected to  the  skull  just  below  the  auditory  capsule,  and  a  lower, 
the  cerato-hyal  {Fig.  204).  The  upper  jaw  is  firmly  connected 
by  ligament  to  the  hyomandibular,  which  thus  helps  to  suspend  the 
jaws  from  the  skull.     In  the  vast  majority  of  the  Elasmobrancha 
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this  is  the  principal  skeletal  support  for  the  jaws,  and  such  aa 
arraDgeraent  is  spoken  of  as  hyostylic;  in  the  Notidanidae  and 
Ceatracion  on  the  other  hand  the  upper  jaw  is  partly  slung  by  the 
hyomandibulaT  but  also  directly  articulates  with  the  skull,  in  the 
first  case  behind  the  orbit,  in  the  second  in  front  of  it,  the  ar- 
rangement then  being  spoken  of  as  amphlstylic.  The  remaining 
visceral  arches  have  only  a  muscular  connection  with  the  skull,  and 
are  termed  the  branchial  aiches,  since  to  their  sides  are  attached 
the  gills.  The  branchial  arches  are  jointed  into  several  pieces, 
which  are  placed  in  an  oblique  position  and  so  arranged  that  when 
they  are  raised  by  the  levatores  arouum  —  muscles  attaching 
them  to  the  skull  —  they  diverge  and  expand  the  gill-sacs  lying 
between  them.  The  segments  of  each  brancliial  arch  are  typically 
four  in  number,  named  respectively  pharyngo-branchial,  epi- 
branchial,  cerato-branchial,  and  hypo-branchial.  The  first 
named  are  situated  in  the  dorsal  wall  of  the  pharynx  and  are 
horizontal  in  direction;  the  epi-  and  cerato-branchial  stiffen  the 
sides  of  the  pharynx  —  the  cerato-branchiai  being  the  main  portion 
of  the  arch,  whilst  the  hypo-branchial  pieces  are  found  in  the 
ventral  wall  of  the  pharynx  and  converge  to  unite  in  a  median 
plate,  the  basi-branchial.  Lying  outside  the  visceral  arches  are 
a  varying  number  of  cartilaginous  rods  developed  from  the  dermis 
and  possibly  representing  the  branchial  basket  of  the  Cyclostomata. 
Thosesituatedatthe  sides  of  the  gape  are  called  labial  cartilages, 
those  external  to  the  hinder  visceral  arches  extra-brauchials 
(19,  Fig.  204). 

The  first  gill-slit,  called  the  spiracle,  is  situated  between  the 
jaw  and  the  hyoid  just  outside  the  internal  ear  (Fig.  208j.  It  is 
a  narrow  tube  and  its  use  in  the  more  typical  forms  api>ear3  to  be 
t«  allow  vibrations  to  come  more  closely  in  contact  with  the  ear,  and 
in  some  cases  to  admit  the  water  for  breathing.  The  other  slits  are 
really  flattened  sacs,  the  walls  of  which  are  raised  up  into  thin  folds 
richly  supplied  with  blood-vessels,  which  are  the  true  gills.  The 
folds  are  supported  by  thin  rods,  called  gill-rays,  branching  from 
the  visceral  arches.  A  rudimentary  gill,  the  pseudobranch,  is 
sometimes  developed  on  the  front  wall  of  the  spiracle.  ;No  gill  is 
develoi>ed  on  the  posterior  wall  of  the  last  gill-sac. 

In  Elasmobranchs  we  find,  as  in  Cyclostomata,  well-developed 

dorsal  (or  neural)  and  ventral  (or  haemal)  arches, 
c^mn.  with  their  ends  deeply  embedded  in  the  thick  sheath 

of  the  notochord.     This  sheath  has  been  converted 
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into  cartilage  by  amoebocytes  wandering  into  the  gelatinous  layer 
secreted  by  the  cells  of  the  notochord,  and  it  is  divided  into 
separate  ])ieces  called  centra.  Between  the  centra  the  sheath 
remains  membranous,  and  in  the  middle  of  each  centrum  the 
notochord  becomes  very  much  narrowed,  so  that  instead  of  being 
a  uniform  rod  it  is  like  a  row  of  beads.  The  haemal  arches  meet 
beneath  in  the  tail,  but  further  forward  they  stretch  out  horizon- 
tally and  become  jointed;  their  outer  segments  are  the  ribs,  this 
is  the  first  appearance  of  these  organs.     There  are  usually  twice  as 


Tio.  205.  Dorso-lateral  view  of  the  pectoral  girdle  and  tins  of  a  DogliBh, 
ScyHiuin  canical-i,  x  j.  From  Rejoolds.  The  gaps  between  Uie  nidialia 
are  blackened. 

1.  Hollow  in  the  mklventral  part  of  the  pectoral  girdle  which  supports  the 
pericardium.  2.  Dorsal  (scapular)  portioo  of  pectoral  girdle.  3.  Meia- 
pteryginm.  4.  Mesopterygium.  6.  PropWrygium.  6.  Propterypial 
radial.  T.  MeBopterygial  radial.  8.  Metapteiygial  radial.  9.  Uut- 
line  uf  the  distal  part  of  the  Hn  which  is  supported  by  horny  fin-rays. 

many  neural  arches  as  there  are  centra,  and  every  alternate  one  is 
small  and  does  not  meet  its  fellow,  and  hence  is  called  an  inter- 
calary piece :  the  haemal  arches  are  as  numerous  as  the  centra. 
The  cranium,  visceral  arches,  and  centra  are  all  strengthened  by  a 
calcareous  deposit  in  the  ground  substance  of  the  cartilj^e.  This 
calcified  cartilage  is  to  he  carefully  distinguished  from  true  bone, 
1  in  Elasmobranehs  by  the  bases  of  the  scales  and  teetli. 
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The  primitive  tail-fin  of  Vertebrata,  as  we  have  seen,  is  a  fringe 
surrounding  the  end  of  the  tail.  Only  a  small  and  narrow  rem- 
nant of  this  persists  in  Elasmobmnchs,  the  whip-like  end  of  the 
tail  being  bent  up;  beneath  it  there  is  a  well-marked  fin,  and  this 
together  with  the  remains  of  the  primitive  fin  constitute  the  nevp 
tail-fin,  which  is  now  denominated  heterocercal,  since  the  axial 
skeleton  does  not  divide  it  into  two  equal  parts  (Fig.  208). 

The  paired  fins  are  attached  to  hoops  of  cartilage  (the  limb 
arches),  called  respectively  the  pectoral  and  pelvic 
girdles,  the  pectoral  being  situated  just  behind  the 
last  gill-cleft,  the  pelvic  just  in  front  of  the  anus.     The  pectoral 
girdle  extends  a  considerable  distance 
up  the  side  of  the  animal:  the  pelvic 
is  little  more  than  a  transverse  bar. 
The  fins  in  modem  Elasmobranchs  are 
of  what  is  called  the  uniseriate  type,     ^ 
that  is  to  say,  there  is  a  thick  jointed 
main  axis  with  cartilaginous  rays  at- 
tached   only    to    its   anterior    border. 
Fossil  Elasmobranchs    show  in    some 
cases  a  biseriate  fin  with  rays  attached 
to    both    borders;    and   one,    Cladoae- 
lache,   shows   a   still    more    primitive 
condition,  where  the  fin  is   merely  a 
lateral  Hap  supported  by  parallel  bars 
of  cartilage.     By   the  coalescence  of 
these  at  the  base  the  axis  was  formed, 
and  later  by  the  disappearance  of  the 
rays  on  one  side,  the  uniseriate  fin. 

In  the  pectoral  fin  the  basil  por- 
tions of  some  of  the  rays  coalesce  to 
form  two  large  cartilages  called  pro- 
pterygium  and  mesopterygium,  whilst  the  axis  itself  is  called 
the  metapterygiura.  In  the  pelvic  fin  of  the  male  the  axis 
bears  distatly  a  grooved  rod  which  is  termed  the  clasper,  and  is 
used  in  transferring  spermatozoa  to  the  female.  The  axis  is  called 
the  basipterygium.  The  distal  joints  of  the  rays  in  both  pectoral 
and  pelvic  fins  are  made  up  of  numerous  small  cartilages  called 
radialia. 

The  brain  of  Elasmobranchs  is  remarkable  for  the  great  de- 
velopement  of  the  ol^tory  lobes,  which  are  in  close  contact  with 


Fio.  200.  Dorsal  view  of  the 
pelvic  girdle  and  flnn  of  a 
male  DuKftsli,  Scglliiim  caai- 
cvla.     From  Reytiulds. 

1.   Pelvic  girdle,  2.   Basi- 

pteryKluni.  8.  Clasper. 

4.  Kadialia. 
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the  naaal  sac,  and  are  attached  by  a  narrow  stalk  to  the  cerebrum. 

This  is  only  imperfectly  divided  into  two  hemispheres, 

and  has  nervous  tissue  on  its  roof,  as  well  as  its  floor. 
The  cerebellum  is  developed  into  a  great  flap  which  projects  back 
and  covers  the  thin  roof  of  the  medulla  oblongata  (Fig-  188).  It 
has  also  lateral  outgrowths  called  cerebellar  lobes. 

The  alimentary  canal  is  considerably  longer  than  the  body  and 

is  consequently  folded.  It  has,  as  a  matter  of  fact, 
AUmenurjr       ^^  U-sl»ape :   the  first  limb  and  a  part  of  the  next 

constitute  the  stomach,  which  is  marked  off  from  the 
intestine  by  a  constriction  and  a  powerful  developement  of  the  cir- 
cular muscles  forming  a  sphincter  or  circular  muscle.  To  the 
posterior  aspect  of  the  loop  is  attached  the  prominent  spleen.  The 
intestine,  although  outwardly  straight,  is  probably  derived  from  a 
corkscrew  coil  by  the  adhesion  of  successive  terms :  for  the  "  spiral 
valve  "  which,  as  we  said,  is  mei'cly  a  ventral  infolding,  has  a  very 
strongly  marked  spiral  course.  The  liver  opens  by  the  bile-duct 
into  the  beginning  of  the  intestine,  and  close  to  its  opening  is 
situated  that  of  the  duct  of  the  pancreas.  A  small  gland  of  un- 
known function,  the  rectal  gland,  opens  into  the  hinder  end  of 
the  intestine. 

The  pericardium  is  almost  completely  separated  from  the  rest  of 
the  coelom,  communicating  only  by  two  narrow  holes  with  it.  The 
heart  has  the  typical  structure  described  in  the  last  chapter  (see 
p.  33-1}.  In  the  conus  there  are  at  least  two  transverse  rows  of 
pocket-valves,  occasionally  more.  The  arterial  arches  arising  from 
the  ventral  aorta  run  up  between  successive  gill-sacs  and  break 
up  into  capillaries  on  the  surface  of  the  gills :  from  these  the  blood 
is  collected  by  vessels  in  the  form  of  loops  completely  surrounding 
the  gill-sacs.  From  these  loops  four  pairs  of  epibranchial  vessels 
arise  and  run  backwards  in  the  dorsal  wall  of  the  pharynx,  eon- 
verging  to  form  the  single  dorsal  aorta,  which  supplies  blood  to  all 
the  hinder  part  of  the  body.  The  last  gill-aac  has  a  gill  only  on 
its  anterior  border ;  the  blood  from  this  does  not  reach  the  dorsal 
aorta  directly  but  is  connected  by  a  transverse  vessel  with  the  loop 
surrounding  the  preceding  gill-sac.  The  dorsal  aorta  gives  off  on 
each  side  a  subclavian  ai-tery  to  the  pectoral  fin,  and  then  three  me- 
dian arteries  which  run  down  through  the  mesentery  and  supply  the 
alimentary  canal.  These  are  named  the  coeliac,  anterior  mes- 
enteric, and  posterior  mesenteric  arteries  respectively  (Fig. 
194).     The  most  anterior,  the  coeliac,  has  two  important  branches 
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(1)  the  hepatic,  running  backwards  and  supplying  the  liver  with 
arterial  blood,  and  (2)  the  anterior  gastric,  supplying  the  anterior 
part  of  the  stomach.  The  anterior  mesenteric  artery  supplies  the 
greater  part  of  the  intestine  and  sends  a  branch,  called  the  lieno- 
gastric  (sometimes  arising  as  an  independent  trunk  from  the 
aorta),  to  supply  the  posterior  part  of  the  stomach  and  the  spleen- 
The  posterior  mesenteric  supplies  the  concluding  portion  of  the 
intestine  or  rectum  and  the  rectal  gland.  After  giving  branches  to 
the  genital  organs,  kidneys,  and  pelvic  fins,  the  aorta  continues  its 
course  into  the  tail  as  the  caudal  artery.  From  the  two  most 
anterior  branchial  loops  two  vessels  arise,  running  forward  in  the 
dorsal  wall  of  the  pharynx  and  at  the  same  time  converging. 
These  are  the  common  carotid  arteries,  which  supply  blood  to 
the  head.  Each  divides  into  two  main  branches,  an  external 
carotid,  which  pierces  the  floor  of  the  orbit  and  supplies  the  eye 
and  the  jaws,  and  an  internal  carotid,  which  pierces  the  floor  of 
the  skull  near  the  middle  line  and  supplies  the  brain.  The  pseudo- 
branch  on  the  front  wall  of  the  spiracle  receives  its  blood  from  the 
hyoidean  artery  which,  branching  from  the  loop  surrounding  the 
first  gill-sac,  runs  forward  in  the  roof  of  the  mouth  parallel  with  the 
common  carotid  artery  and  eventually  joins  the  internal  carotid.  In 
the  venous  system  the  anterior  portion  of  the  sub-intestinal  vein 
is  represented  by  apair  of  hepatic  veins  returning  the  blood  from 
the  liver,  opening  into  the  sinus  venosus  close  to  the  middle  line, 
whilst  the  posterior  portion  has  dwindled  to  a  small  vein  embedded 
between  the  folds  of  the  spiral  valve ;  this  however  is  joined  by 
branches  from  the  sides  of  the  intestinal  wall  to  form  the  main 
trunk  of  the  portal  vein.  Both  anterior  and  posterior  cardinal 
veins  are  represented  by  wide,  somewhat  irregular  spaces.  Each 
anterior  cardinal  has  an  expansion  called  the  orbital  sinus  which 
surrounds  the  eye.  The  two  orbital  sinuses  communicate  by  an 
interorbital  canal  tunnelled  in  the  base  of  the  skull.  The  blood 
from  the  ventral  sides  of  the  gill-sacs  and  pharynx  is  returned  to 
the  ductus  Cuvieri  by  a  pair  of  independent  trunks  called  the 
jugular  veins.  These  are  each  connected  with  the  anterior  cardinal 
vein  of  its  side  by  the  hyoidean  vein  lying  in  a  groove  on  the 
hyomandibular  cartilage  (Fig.  195).  The  blood  from  the  tail  is 
returned  by  a  median  caudal  vein  lying  beneath  the  caudal  artery 
and  like  it  enclosed  between  the  centra  and  the  united  ventral  ends 
of  the  haemal  arches.  At  the  level  of  the  posterior  end  of  the 
kidneys  the  caudal  vein  divides  into  the  two  renal  portal-veins 
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Fio.  207.    Sej/lltum  eantcula.     ?.    Ventral  view  of  viscera. 
1.  Lett  naria.  2.  Mouth.  3.  Pectoral  fln.  4.  PeKic  fin. 

6.  Aperture  of  cloaca.  6.  Pericardial  cavity.  7.  Ventricle.  7'.  CoDtis 
anerioBus.  S.  Auricle.  9.  Sinus  venoaua.  10.  Coelomic  opeujng 
of  oviducts.         10'.  Falciform  ligament.         11.  Sbell-giani].  12.  Uvi- 

duct.  13.  Ovary.  14.  Liver.  16.  Proximal  limb  of  stomacb. 

10,  Distal  limb  of  stomach.  IT.  Intestine.  IB.  Kectum.  10.  Spleen. 
20.  Pancreaa.         21.  Pancreatic  duct.  22.  Bile-duct.  23.  Dorwd 

fln.  24.  Spinal  cord.  2'i.  Kotoclioni  in  centrum  of  vertebra. 

26.  Caudal  artery.  ^7.  Caudal  vein.  28.  Lateral  line.  20.  Myotomes. 
30.  Abdominal  poree.  a.  Hepatic  artery.  b.  Intestinal  branch  of 

anterior  mesenteric  artery.  c.  Lieno-gaatric  artery.  d.  Gastric 

branch  of  lieno-gastric  artery  (posterior  gastric  artery).  e.  Splenic 

branch  of  lieno-gastric  artery.  /.  Portal  vein.  g.  Intestinal  vein. 

A.  Splenic  vein. 

lying  on  the  outer  edges  of  the  kidneys.  These  veins,  as  haa  been 
already  explained  (see  p.  33fi),  are  the  hinder  portions  of  the  pos- 
terior cardinal  veins  wliicli  break  tip  into  the  renal-poctal  system  of 
capillaries.  These  filter  amongst  the  kidney  tubules  and  reunite 
on  the  inner  side  of  the  kidney  to  form  the  spacious  posterior 
cardinal  sinuses,  as  the  front  portions  of  the  posterior  cardinals  are 
named.  These  two  sinuses  lying  ventrally  to  the  kidneys  partly 
coalesce.  Each  sinus  curves  forwanls  and  outwards  to  join  the 
ductus  Cuvieri  and  at  tliis  point  it  is  met  by  the  large  subclavian 
vein  returning  blood  from  the  pectoral  fin.  Thepelvic  vein  receives 
the  blowl  from  the  side  of  the  cloaca  by  the  cloacal  vem  and  the 
blood  from  the  pelvic  fin  by  the  femoral  vein.  It  then  opens  into 
a  longitudinal  trunk  called  tlie  lateral  vein,  which  runs  along  the 
side  of  the  body  beneath  but  parallel  to  the  posterior  cardinal  vein. 
Tlie  lateral  vein  in  front  receives  the  brachial  vein  from  the  ventral 
side  of  the  pectoral  fin  (not  to  be  confounded  with  the  subclavian 
from  the  dorsal  side  of  the  same  organ)  and  then  opens  into  the 
ductus  Cuvieri.  The  cloacal  veins  further  give  off  median  branches 
which  unite  and  then  distribute  blood  to  the  viscera,  so  that  some 
blood  from  the  pelvic  fin  may  also  return  to  the  heart  through  a 
portal  system. 

The  ovary  is  a  single  ridge  of  the  dorsal  coelomic  wall ;  the 
oviducts  ai'e  long  and  united  far  in  front  so  as  to  open  by  a 
common  internal  opening,  situated  ventral  to  the  liver  (Fig.  207). 
In  the  middle  of  its  length  each  oviduct  has  an  enlargement  caused 
by  a  thickening  of  its  walls  due  to  the  developement  of  gland 
cells.  This  is  called  the  oviducal  gland,  aud  its  function  is  to 
secrete  the  pillow-shaped,  elastic  egg-shell.  In  all  cases  a  consider- 
able amount  of  developement  takes  place  before  the  egg  is  laid ;  in 
many  cases  developement  goes  so  far  that  the  egg-shell  is  absorbed, 
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Fia.  20S.    Scyllium  eanieula.     S .    View  of  viscera  from  right  side. 
1.  Moutb.     2.  Spiracle.     8.  Gill-slits.     4.  Gall-bladder.      6.  Oesopbogus. 
6.   Pectoral  Au  cut  oft.       T.  Vesicula  seminalis  lying  on  metanepbroe. 
6.  Testis.  0.  Anterior  dorsal    fin.  10.  Posterior   dorsal    fin. 

11.  Median  ventral  Gn.  12.  Dorsal  lobe  of  caudal  fln.  13.  Ventral 
lobe  of  caudal  fin.  14.   Bigbt  lobe  of  liver.  16.   Proximal  limb  of 

stomach.  16.  Distal  limb  of  stomach.  IT.  Intestine.  18.  itectum. 
19.   Spleen.  20.   Pancreas.  21.   Rectal  gland.  22.   Bile-duct. 

23.   Claspera,  24.   Ligament  carrying  the  vasa  efferantia.  25.   Vas 

deferens.  a,  Coellac  artery.  b.  Hepatic  artery.  c.  Anterior  (Eastric 
artery.  d.  Pancreatic  branch  of  the  coeliac  artery.  e.  Anterior 

mesenteric  artery.  /.  Lieno-gastrio  artery.  g.  Posterior  mesenteric 
artery.  A.  Splenic  artery  and  vein.  j.  Posteriormesenteric artery, 
jt.  Portal  vein.      I.  Intestinal  vein. 

and  the  embryo  takes  in  nutriment  from  the  wall  of  the  oviduct, 
and  may  reach  a  very  large  size  before  birth.  The  egg  is  large  and 
well  charged  with  yolk.  The  oviducts  open  behind  along  with  the 
archinephrie  duct  and  intestine  into  the  proctodaeiim,  or  cloaca. 
There  are  two  testes,  and  these  are  connected  by  a  testicular 
network  with  the  anterior  part  of  the  meson ephi-os.  The  tubules 
constituting  the  hinder  portion  of  the  kidney  are  called  the  meta- 
nephros.  They  unite  to  form  about  six  trunks,  which  in  turn  join 
one  another  so  as  to  form  a  true  ureter  or  metanephrie  duct, 
which  has  an  o])ening  into  the  cloaca  separate  from  that  of  the 
archinephrie  duct ;  by  this  arrangement  the  secretion  of  these  tubes 
is  prevented  from  mingling  with  the  spermatozoa. 

The  front  sexual  portion  of  the  kidney  retains  the  same  meso- 
nephros,  and  is  rudimentary  in  the  female  ;  from  this  circumstance 
we  may  conclude  that  the  tubules  of  the  mesonephros  (in  the 
narrower  sense)  have  largely  lost  their  excretory  function  and 
serve  merely  as  ducts  to  convey  th?  spermatozoa  into  the  archi- 
nephrie duct. 

Actual  sexual  congress  or  copulation  takes  place  in  the  Elasmo- 
branchs;  the  most  posterior  rays  of  the  pelvic  fins  called  the 
claspers  areenlai^ed,  and  used  to  distend  the  cloaca  of  the  female 
to  allow  of  the  entrance  of  spermatozoa  (Fig.  208),  This  is  cor- 
related with  the  lai^e  size  and  small  number  of  the  eggs,  and  their 
long  retention  in  the  oviduct.  In  the  male  the  spermatozoa  are 
stored  in  a  special  pouch  of  the  cloaca  lying  on  the  ventral  side  of 
the  kidney,  termed  the  vesicula  seminalis.  It  is  probable  that 
the  claspers,  the  large  eggs,  and  the  division  of  the  kidney  into  two 
parts  are  specialisations  peculiar  to  modern  Elasmobrancha. 

The  Elasmobranchs  are  the  Sharks,  Dogfisli,  Skates,  and  Kays 
of  our  seas.     They  are  almost  exclusively  marine  and  are  a  group 


^aovGoOt^lc 


866  ELASMOBRANCnn  [CHAF. 

much  detested  by  fishermeo,  since  they  are  excessively  voraeiou 
and  their  flesh  is  of  little  value. 


Fio.  209.     A.     SeylUum  eanUula.     Trom  JHy.     Reduced. 

B.     Egg-case  opened  to  show  young  embryo  with  yolk  aac  , 
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They  are  divided  into  two  great  divisions,  the  Selachii  and  the 
Batoidei.  The  first  consists  of  powerful  swimmers  with  cylindrical 
bodies,  wetl-developed  tail-fins  and  moderate  pectoral  fins;  the 
latter  are  ground  fish  with  broad  backs  and  bellies  and  narrow  sidesr 
whip-like  tails  with  rudimentary  tail-fin  and  enormous  pectoral  fin» 
extending  forward  to  the  extreme  end  of  the  snout. 

The  Selachii  are  known  as  dogfishes  or  sharks,  according  to- 
their  size.  The  common  English  dogfish,  Sq/llium. 
canicula,  is  about  two  feet  long  (Figs,  207,  208,  and 
209);  another  kind,  the  Spiny  dogfish,  Squaliis  acantluas,  is 
distinguished  by  having  a  spine,  a  greatly  enlarged  scale,  in  front- 
of  each  of  the  two  dorsal  fins.  This  latter  genus  is  very  common 
on  the  Atlantic  coast  of  North  America,  where  it  is  known  as 
the  Spiny-dog.  The  American  smooth  dogfish,  Oaleua  cania,  is 
distinguished  from  Scjllium,  by  being  viviparous.  Amongst  the 
sharks  the  most  remarkable  are  Zygaena,  the  Hammerhead,  in 
which  the  roofs  and  floors  of  the  orbits  are  produced  outwards, 
so  that  the  eyes  are  set  as  it  wei-e  on  peduncles ;  and  Carcharodon, 
the  great  white  shark,  which  has  lost  its  spiracles  and  possesses- 
a  tail-fin  with  crescentie  under  lobe.  Owing  to  their  powerful 
swimming  capacities,  sharks  are,  as  a  rule,  not  limited  in  distribu- 
tion, Carcharodon  is  the  dreaded  man-eater  of  the  Adriatic  and 
the  warmer  seaa  everywhere.  Zygaena  occasionally  carries  terror 
into  the  bay  of  Naples,  and  species  of  Iwth  geuera  are  found  off  the 
American  coast. 

The  Batoidei,  or  Rays  are,  as  we  have  seen,  ground  feeders.  All 
have  the  true  gill  openings  on  the  underside  of  the  lx>dy:  the 
spiracle  alone  opens  on  the  dorsal  side  and  is  enlarged.  It  has,  in 
fact,  in  this  group,  taken  on  the  function  of  pumping  in  water  into 
the  pharynx,  a  duty  which  cannot  be  conveniently  undertaken  by 
the  mouth  when  this  is  burrowing  in  the  mud  at  the  bottom.  Raia 
is  the  common  skate  on  both  sides  of  the  Atlantic,  it  has  no  caudal 
fin,  but  two  dorsals.  Torjmlo  is  distinguished  by  a  more  elongated 
body.  The  muscles  on  either  side  of  the  head  are  converted  into 
electric  organs,  consisting  of  Ijatteries  of  vertical  hexagonal  tubes 
filled  with  a  clear  gelatinous  fluid,  each  tube  representing  a  meta- 
morphosed muscle-fibre.  By  means  of  these  organs  it  can  inflict 
a  severe  shock  on  its  enemies.  Trygnn  is  the  sting-ray.  In 
it  the  tail  is  long  and  thin  and  the  dorsal  fin-rays  are  practically 
absent,  but  at  the  spot  where  the  tail  merges  into  the  body  there  is 
a  la^e  recurved  spine,  at  the  liase  of  which  is  a  poison  gland,  so 
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that  by  a  blow  of  the  whip-like  tail  it  can  inflict  a  severe  wound. 
The  pectoral  fins  are  joined  in  front  of  the  snout.  Priatis  is  the 
saw-fish.  It  has  an  immensely  elongated  rostrum,  at  the  sides  of 
which  large  pointed  teeth  are  set;  the  body  is  elongated,  but  it 


'^ulata.     From  Day. 


shows  all  the  essential  features  of  the  Batoidea.  The  teeth  in  the 
mouth,  like  those  of  other  Batoidei,  are  flattened.  Prislia  is  found 
both  in  the  Mediterranean  and  Caribbean  Seas  and  elsewhere. 
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Order  II.  Holooephali 
Tlie  second  order  of  Pisces,  the  Holocephali,  differ  from  Elasmo- 
branchs  chiefi;  in  the  skeleton ;  in  the  viscera  they  resemble  them 
very  closely.  The  Holocephali  are  distinguished  by  having  the 
upper  jaw  completely  confluent  with  the  cranium,  a  condition  called 
autostylic  (Fig.  211) :  the  orbits  are  so  deeply  indented  that  the 
brain  is  pressed  back  from  between  them,  and  their  two  cavities  are 
only  separated  by  a  vertical  plate  of  cartilage,  called  the  inter- 
orbital  septum.    There  is  no  spiracle  and  the  last  gill-cleft  is  also 


Fio.  211.    Skull  of  a  male  Chimaera  moiutrosa.    After  Hubrecht. 
1.   Nasal  capsule.  2.   Cartilaginous  appendage  l«  the  ethmoid  reelon, 

representiug  the  rostrum  of  Klasmobrancbii.  3,    Erectile  appendage. 

4.  Foramen  by  which  the  ophthalmic  nerves  lea,ve  the  orbit.  5.  Foramen 
by  which  the  ophthalmic  branch  of  the  Vth  nerve  enters  the  orbit. 
6.  Auditory  capsule.  7.  Interorbital  septum.  8.  Meckel's  carliiage 
articulating  with  an  outgrowth  from  the  posterior  part  of  the  palato- 
pt«ry go-quadrate  cartilage.  0.  Teeth.  10,  Labial  cartilage.  II, 
III,  V,  VII,  IX,  X,  foramina  for  the  passage  of  cranial  nerves. 

closed.  A  fold  of  skin,  called  the  operculum,  extends  back  over 
the  gill-sIits,  which  are,  however,  still  in  the  form  of  sacs.  The 
snout  or  prae-oral  part  of  the  body  is  much  reduced  in  size  and 
supported  only  by  a  single  rod  of  cartilage. 

The  scales  have  almost  entirely  disappeared  and  are  represented 
only  by  the  great  spine,  the  so-called  iehthyodorulite,  which 
stiffens  the  front  edge  of  the  dorsal  fin,  by  the  teeth,  and  by  the 
prickles  on  a  peculiar  tentacle  situated  on  the  snout  of  the  male. 
The  teeth  are  confluent,  forming  ridges  of  dentine  covered  with 
2b 
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enamel.  Of  these  there  are  a  pair  in  the  lower  jaw,  called  dentary 
plates,  and  two  pairs  in  the  upper,  termed  vomerine  and  palatine 
plates  respectively,  placed  one  behind  the  other.  The  peculiar 
tentacle  on  the  head  of  the  male  arises  from  a  pit  situated  in  the 
middle  line  of  the  snout,  and  bearing  sharp  tooth-like  scales  at  its 
tip.     Its  use  is  unknown. 

The  notoehordal  sheath 
is  not  broken  up  into 
centra,  "but  in  Chimaera  it 
has  developed  within  it  a 
large  number  of  calcified 
rings,  three  to  five  times 
as  numerous  as  the  neural 
arches. 

The  Holoeephali  were 
once  a  numerous  group, 
now  they  are  represented 
by  three  closely  allied 
genera,  of  which  the  best 
known  is  Chimaera,  some- 
times called  the  Rabbit- 
fish,  common  to  the  Medi- 
terranean and  to  the  At 
lantic  coast  of  Europe  and 
Africa.  C.  moiislrosa  is 
found  on  the  East  coast 
of  N.  America.  On  the 
Pacific  coast  0.  collet  oc- 
curs in  such  numbers  as 
to  be  a  serious  nuisance 
to  fishermen.  It  eats  the 
baits  off  their  lines.  It 
is  known  as  the  Rat-fish, 
in  allusion  to  the  shape 
of  the  tail.  CaUorkynchus 
occurs  in  the  temperate 
waters  of  the  Southern 
Hemisphei-es.  The  third 
genus,  Harriotta,  is  a 
Fio.  212.     Chimaera  momtroaa,  Lin.  deep-sea  form. 

Male,  with  process  on  snout.    Reduced. 
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OMer  III.     Dipnoi 


The  Uiird  order  of  Fishes,  the  Dipnoi,  are  very  interesting 
animals,  inasmuch  as  thej  aSord  indications  as  to  bow  land  animals 
were  evolved  from  fishes.  Thej  are  distinguished  by  the  possession 
of  true  lungs,  represented  by  two  sacs  opening  by  a  common  tube 
into  the  ventral  side  of  the  oesophagus.  The  blood  is  supplied  to 
the  lungs  by  vessels  given  off  from  the  last  two  pairs  of  afferent  gill- 
arteries  (Fig.  216),  and  it  is  returned,  not  into  the  general  circula- 
tion, but  direct  to  the  heart,  where  it  opens  into  a  special  section 
of  the  atrium,  the  left  auricle,  cut  off  from  the  rest  by  a  septum. 
As  in  the  Holocepbali  the  upper  jaw  is  fused  with  the  cranium. 
There  are  four  or  five  gill-clefts  and  no  spiracle.  There  is  a  lai'ge 
pll-cover  which  completely  covers  the  clefts ;  it  is  strengthened  in 
Ceralodits  by  two  strong  membrane-bones,  the  so-called  squamosal 
or  pre-operculum,  and  the  operculum;  there  is  also  a  thii-d 
smaller  bone  called  the  inter-operculum.  The  oro-nasal  groove 
has  become  closed  so  as  to  form  a  canal,  the  cud  of  which  opens 
within  thestomodaeumastheposterior  naris  orcboaua.  Owing 
to  the  forward  growth  of  the  jaws  the  mouth  has  become  terminal. 


mmm. 


The  cranium  is  not  narrowed  between  the  orbits,  and  the 
cartilage  behind  is  replaced  by  true  bone,  there  being  two exoccipital 
bones  at  each  side  of  the  hole  called  the  foramen  magnum  from 
which  the  spinal  cord  issues.  Above  the  foramen  magnum  the 
cranium  is  quite  obviously  composed  of  fused  neural  and  ventral 
arches;  the  spines  of  the  former  and  ribs  of  the  latter  are  quite 
distinct.  As  in  Ckimaera,  the  teeth  have  coalesced  to  form  great 
dentary  ridges  in  the  lower  jaw  and  in  the  roof  of  the  mouth, 
the  so-called  vomerine  and  palatine  plates,  the  first  named  beiug 
anterior  (Fig.  214). 

It  will  be  observed  that  in  the  Dipnoi  we  for  the  first  time  meet 
with  large  bones,  and  it  is  instructive  to  notice  under  what  circum- 
stances they  appear.    The  exoccipital  bones  are  quite  distinct  from 


^aovGoOt^lc 


372  DIPNOI  [chap. 

the  calcifications  of  the  cranium  met  with  in  the  Elasmobranchii. 

In  the  latter  case  there  was  hardening  of  the 
Bono"'"'  "*     ground   substance   of  the  cartilage ;    here   the   bone 

is  formed  in  the  membrane  surrounding  the  cartilage 
and  eats  into  and  destroys  the  cartilage.  This  sort  of  bone  is  true 
cartilage-bone.  Besides  such  bones,  however,  we  have  many 
which  are  traceable  to  the  fusion  of  the  small  bony  bases  of  the 
typical  scales  which  we  found  in  Elasmobranchs.  These  little  bony 
plates  fuse  together  to  form  large  structures  which  are  then  termed 
membrane-bones.  A  first  trace  of  this  process  is  seen  in  the 
fusion  of  the  teeth  to  form  compound  plates,  as  in  the  Hoiocephali. 


Fio.  2H.  Itorsal  (to  the  lefl)  and  ventral  (to  the  right)  viewa  of  the  cranium 
of  Ceratodus  miotepia  (after  Gllnlher). 

1.  Cartilaginous  part  of  the  quadrat«  with  which  the  mandible  articulates. 
2,3,4.  Rooting  membrane-bonea.  6.  Narea.  0.  Orbit.  7.  Pre- 
opercular  (aquamosal).  8.  Second  rib.  9.  First  rib.  10.  Vomerine 
dental  plate.  11.    Palatine  dental  plate.  12.    Paiato-pterygoid. 

13.    Parasphenoid.         14.    Interopercular. 

The  Dipnoi  are  eel-like  fish  with  elongated  whip-like  paired 
fins,  and  they  are  covered  all  over  with  thin  rounded  cycloid 
scales.  These  scales  represent  the  enlarged  bases  of  the  scales  of 
Elasmobranchs,  of  which  the  spikes  have  been  lost.  On  the  upper 
side  of  the  head  these  scales  have  joined  to  form  median  and 
lateral  bones ;  in  front  near  the  nasal  sacs  there  are  two  smaller 
bones.  The  Dipnoi  are  quite  peculiar  among  Craniata  in  having  an 
unpaired  series  of  large  roofing  bones  on  the  top  of  the  head.  The 
palatine  dental  plates  are  supported  by  a  bone  which  surrounds  and 
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replaces  the  cartilaginous  upper  jaw,  and 
is  called  the  palato-pterygoid.  The 
roof  of  the  mouth  is  sheathed  by  a  great 
plate  of  bone  called  the  parasphenoid, 
derived  from  the  bases  of  vanished  teeth 
(Fig.  214).  Besides  these  there  is  a 
large  membrane-bone  outside  the  pec- 
toral girdle,  which  is  the  first  trace  of  a 
collar  bone  or  clavicle,  and  the  two 
bones  already  mentioned  in  the  opercular 
flap.  The  sheath  of  the  notoehord  is 
converted  into  caitilage,  but  is  not  di- 
vided into  centra. 

The  paired  fins  are  remarkable  for 
having  a  long  jointed  axis  and  two  rows 
of  rays;  they  are  in  a  word  biseriate 
(Fig.  215).  The  tail-fin  is  of  the  primi- 
tive type  found  in  Amphioxus  and  Cy- 
clostomata,  in  which  the  fringe  of  skin 
supported  by  the  fin-ray  is  equally  de- 
veloped above  and  below  the  notoehord. 
It  is  in  fact  a  diphycercal  tail. 

As  was  to  be  expected,  the  blood 
system  has  undergone  interesting  modi- 
fications. The  conus  arteriosus  is  long, 
and  as  in  Elasmobraiicha  and  Holocephali 
has  several  transverse  rows  of  pocket 
valves.  From  its  anterior  end  four  ar- 
teries are  given  off  in  a  buuch  on  each 
side  to  the  gill  arches  to  supply  the 
gills :  there  is  no  ventral  aorta.  From  the 
last  on  each  side  branches  arise,  which 
form  the  artery  going  to  the  lungs.  An 
oblique  septum  divides  the  cavity  of  the 
conus  into  two,  in  such  a  way  as  to  cut 

Fio.  215,    Lateral  view  of  the  skeleton  of  Ceratodua  miotepis  (after  GUotlier). 

1,  2,  3.  Roofing  merobrane-bones.    4.  CartllaginouB  poBi^rior  part  of  cranium. 
6.  Fre-opercular  (Hquamosal].  0.  Opercular.  7.  Suborbital. 

8.  Orbit       e.  Pectoral  girdle.         10.  Proziroal  cartilage  of  pectoral  fin. 
11.  Pectoral  fin.  12.  Pelvic  girdle.  13.  Pelvic  fin.       14.  Spinal 

coluiun.        16.  Caudal  fin  (dipby cereal). 
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ofif  the  openings  of  the  last  gill  arteries  from  the  front  ones,  so  that 
the  blood  passing  to  the  luugs  does  not  mingle  with  that  going  on 
to  the  head.  This  is  very  like  the  arrangement  found  in  Amphibia. 
The  likeness  to  the  Amphibian  blood  system  is  heightened  by  the 
presence  of  a  median  "  vena  cava "  which  returns  the  blood  from 
one  kidney  directly  to  the  heart.  One  posterior  cardinal  vein 
persists,  the  other  has  atrophied  (Fig.  21"). 

The  lungs  are  long, 
wide  sacs,  extending  be- 
B  tween  the  intestine  and 
)  notochord,  although  their 
opening  into  the  gullet  is 
ventral.  The  gill-arches 
and  gills  are  on  the  other 
hand  very  small,  and  the 
opening  between  the  gill- 
cover  and  the  body  is 
narrow. 

Only  three  species  of 
Lung-fish  are 
still  living, 
but  the  group  has  very 
many  fossil  representatives. 
The  Australian  lung-fish, 
Ceratodus  forsleri,  has  well 
Fio.  216.  DiaRmm  of  arterial  arch  of  Cera-  developed  paired  fins  (Fig. 
todug  viewed  from  the  veniral  aspect.  f        r  >,     e. 

215).  It  inhabits  nvers 
which  at  certain  seasons 
become  fetid  with  decay- 
ing vegetation,  and  during 
this  time  it  breathes  air. 
The  African  and  South 
American  lung-fishes  (Pro- 
toplerus  annectens  and  Lepidosireti  paradoxa)  have  whip-like  paired 
fins  consisting  of  little  more  than  the  axis  of  the  limb  skeleton 
(Fig.  2];t).  They  bury  themselves  in  mud  during  the  dry  season, 
a  necessary  precaution  since  they  inhabit  swamps  which  dry  up. 
Lepidosireii,  the  South  American  form,  has  been  shown  to  have 
larvae  with  long  feathery  external  gills,  strikingly  recalling  the 
larvae  of  Amphibians.  The  young  Protopierua  has  similar  struc- 
tures  and  retains  traces  of  its   external   gills   throughout   life. 


Claulficaiiiin. 


I,  II,   Il[,  IV.     Fli-st,  second,    third,   and 
fourth  arterial  arches.  5,  6,  7,  8, 

First,  second,  third,  and  fourth  gill. 
fi,  10,  11,  12.  First,  Becond,  third,  and 
fnui'lh  efferent  branchial  vesBel.  13, 
Exl«rnal  carotid.  14.  Internal  on  rot  id. 
15.  Pulmonary  artery.  10.   Dorsal 


^aovGoOt^lc 


XV.]  TELE03T0MI 

Ceralodtts,  on  the  other  band,  has 
a  dev elopement  practically  com- 
pleted within  the  egg-shell. 


Order  IV.     Teleostomi 

The  fourth  order  of  Fish,  the 
Teleostomi,  is  by  far  the  largest 
and  contains  the  overwhelming  ma- 
jority of  living  fishes.  They  differ 
from  the  Dipnoi,  in  that  the  Inng 
or  air-bladder,  as  it  is  called, 
receives  its  blood  from  the  dorsal 
aorta  and  returns  it  to  the  general 
circulation,  so  that  the  organ  is  as 
a  nJe  not  so  much  respiratory  as 
hydrostatic.  The  lung  is  undi- 
vided and  its  opening  has  in  most 
cases  apparently  become  shifted  up 
the  side  of  the  throat  to  the  mid- 
dorsal  line.  Since  the  opening  of 
the  air-bladder  is  dorsal  some  au- 
thorities have  held  that  it  is  quite 
a  different  organ  from  the  Inng, 
the  opening  of  which  is  ventral. 
But  it  is  very  difficult  to  Ijelieve 
that  we  have  to  deal  with  two 
totally  distinct  organs  in  Poly- 
pterus  and  Lepidosleus,  more  es- 
pecially  as    in    the   latter    hsh    it 

seems  possible  that  the  air-bladder  subserves  respiration.  The 
air-bladder  is  never  paired :  if  we  suppose  it  to  represent  one  lung 
we  can  imagine  how  the  opening  could  be  gradually  shifted  dorsally. 
The  anus  of  Urochordata  has  undergone  a  similar  shifting. 

Another  point  of  difference,  distinguishing  Teleostomi  fi-om  the 
Dipnoi,  is  that  there  are  no  median  membrane-bones  on  the  head, 
all  the  bones  being  originally  paired.  Further,  a  set  of  membrane- 
bones,  bearing  teeth,  appear  in  the  sides  of  the  mouth  outside  the 
primitive  jaws,  or,  as  we  may  express  it,  in  the  lips.  These  lip- 
bones  functually  replace  the  true  jaws,  and  as  the  mouth  has  now 


Fio.  217.  lliaf-ram  ti>  show  ar- 
rangement rjf  ilie  principal  veins 
In  a  Dlpnoan. 

1.  Sinus  veii08us  —  j!radual1y  dis- 
appearing in  the  higber  forms. 
2.  Ductus  Cuvieri  =  superior 
vena  cava.  S.  Internal  jugular 
=  anterior  carilinnl  sfntis.  4. 
External  jupilar  ^  sub-brsn- 
cliial.  6.  Subclavian.  6.  I'os- 
tfrior  cardinal,  front  part  = 
venae  azygoH  and  bemiazygoa. 
7.  Inferior  vena  cava.  8.  Renal 
portal  — hinder  pariof  posterior 
cardinal.    9.  Caudal. 
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received  its  full  armature,  the  name  Teleostomi,  or  Perfect-mouthed 
Fish  (riXtuK,  perfect;  utoiux,  mouth),  has  been  given  to  the  Ocdet. 
As  in  Elasmobranchs,  the  upper  jaw  is  joined  to  the  skull  only  by 
the  upper  half  of  the  hyoid  arch,  which  is  ossified  as  the  hyo- 
mandibular.  There  is  a  strongly  developed  gill-cover,  armed 
with  several  bones,  called  the  operculum.  The  septa  between  the 
gill'Sacs  are  reduced  to  narrow  bars,  bo  that  we  have  gill-clefts,  not 
gill-pouches.  The  gills  themselves  develope  into  long  triangular 
processes  freely  projecting,  attached  only  at  the  base.  Often  there 
is  a  rudimentary  gill  attached  to  the  posterior  aspect  of  the  hyoid 
arch.  This  is  called  the  pseudobranch  or  sometimes  the  oper- 
cular gill.  This  is  not  to  be  confounded  with  the  pseudobranch 
of  Elasmobranehii,  which  is  attached  to  the  first  visceral  arch.  The 
opening  of  each  nasal  sac  is  divided  into  two  by  a  bridge  and  tberc 
is  no  oral-nasal  groove.  The  cloaca  is  divided  into  two  ojienings; 
an  anterior,  the  anus,  communicating  with  the  intestine,  and  a 
posterior,  serving  for  the  discharge  of  the  genital  products  and 
excreta  of  ,the  kidneys. 

It  was  formerly  customary  to  divide  the  fish  here  grouped  aa 
Teleostomi  into  two  orders,  the  Teleostei,  or  completely  bony  fish 
(otrWov,  a  bone),  and  the  Ganoids,  or  fish  with  shining  scales  (ytii'os, 
glitter,brightness).  As,  however,  there  is  far  more  difference  between 
different  families  included  in  the  Ganoids  than  there  is  between 
gqme  Ganoids  and  some  Teleostei,  this  arrangement  is  regarded  as 
unnatural.  The  Ganoids  are  in  fact  composed  of  widely  different 
families,  retaining  certain  primitive  characteristics  once  shared  by 
all  Teleostomi.  A  far  more  rational  division  of  the  Teleostomi  is 
,  that  now  usually  adopted  into  Crossoptei-ygii  and  Actinopterygii, 

Sub-Order  A.     CroBBopterygii 

The  Crossopterygii  include  only  two  living  genera,  Poli/pterus 
and  Cnlainoichlhgs,  which  inhabit  the  rivers  of  Africa.  In  former 
geological  periods,  however,  the  Crossopterygii  constituted  an 
immense  group.  They  are  distinguished  by  retaining  the  biseriate 
paired  fin  with  a  shortened  and  broadened  axis,  covered  by  scales. 
This  scaly  lobe  is  consequently  fringed  by  the  rays,  whence  the 
name  (Kpoatroi,  a  fringe;  rripvi,  wing  or  fin).  The  so-called  air- 
ladder  is  paired  and  the  two  halves  open  on  the  under  side  of  the 
pharynx.  The  spiracle  still  persists,  having  a  special  little  gill- 
cover  strengthened  by  several  small  bones.     It  has  recently  been 
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proved  that  the  air-bladder  is  a.  respiratory  oi^aii,  and  that  the 
expired  air  escapes  by  the  spiracle. 

The  whole  body  is  covered  with  lozenge- 
shaped  scales  covered  by  a  thick  layer  of 
shining  enamel,  and  the  dorsal  fin  is  sub- 
divided into  a  large  number  of  finlets,  each 
supported  by  a  lai^e  stiff  ossified  fin-ray 
(Fig.  218).  The  head  is  covered  with 
numerous  membi-ane-bones  arranged  in  pairs, 
replacing  the  cartilage  of  the  cranium. 
There  are  not  only  exoccipital  bones,  but 
also  a  basi-occipital  situated  beneath  the 
foramen  magnum,  and  the  front  wall  of  the 
auditory  capsule  is  ossified  by  a  pro-otic 
bone.  The  notochord  is  narrowed  in  parts 
by  the  formation  of  bony  centra;  these 
however  are  not,  as  in  the  Elasmobranchs, 
mere  rings  in  the  notochordal  sheath,  but 
are  formed  of  the  coalesced  expanded  bases 
of  the  bony  neural  and  haemal  ai'ches.  The 
t«rm  chorda-centra  has  been  proposed 
for  centra  such  as  those  of  Elasmobrancliii, 
formed  by  the  segmentation  of  the  sheatli 
of  the  notochord ;  whilst  centra  such  as 
those  of  the  Crossopterygii  are  called  arco- 
centra.  The  centra  have  concavities  before 
and  behind  and  the  space  between  two 
vertebrae  is  filled  with  an  expanded  section 
of  the  notochord,  which  in  the  middle  of 
the  vertebrae  is  reduced  to  a  mere  thread 
if  not  obliterated  altogether.  Vertebrae, 
hollowed  on  each  side,  are  said  to  be  am- 
pfaicoelous  (Gr.  i^^i',  both;  koiAos,  hol- 
low). 

It  is  obvious  that  an  axis  composed  of 
vertebrae  is  a  much  more  efficient  organ  of 
support  than  the  flexible  notochord  with  its 
loosely  adherent  neural  and  haemal  arches. 
Hence  it  is  not  surprising  to  find  that  verte- 
brae have  been  independently  developed  in 
Fishes,  Amphibia,  and  Reptiles,  and  have      Fio.  218.    Polj/purus. 
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had  an  indepeodent  origin  even  in  different  families  of  the  same 
order — the  Halecomorphi  and  Lepidosteidae,  for  example.  Different 
investigators  therefore  in  their  endeavours  to  find  exactly  corre- 
sponding parts  in  the  vertebiul  columns  of  various 
column.*'  animals  have  arrived  at  discrepant   results.     After 

years  of  research,  however,  Dr  Gadow  has  been 
enabled  to  give  a  consistent  account  of  the  evolution  of  the  column 
in  all  the  Craniata,  and  to  bis  account  we  shall  adhere. 

According  to  Dr  Gadow,  all  arco-centra  originate  from  four  pairs 
of  cartilaginous  pieces ;  some  of  which  may  be  entirely  suppressed 
in  some  vertebrae,  but  all  of  which  are  represented  in  some  part 
or  other  of  the  column.  These  are  (1)  ba si-dorsals,  the  expanded 
bases  of  the  neural  arches;  (2)  basi-ventrals,  the  enpanded 
bases  of  the  haemal  arches  (to  these  when  present  the  rib  is  always 
attached);  (3)  inter-dorsals,  cartilaginous  pieces  situated  be- 
tween successive  basi-dorsals,  and  derived  from  the  segmentation  of 
the  apical  ends  of  the  haemal  arches  which  have  extended  upwards 
round  the  notochord;  (4)  inter-ventrals,  cartilaginous  pieces 
placed  beneath  the  notochoid  alternating  with  the  basi-ventrals, 
and  derived  from  the  segmentation  of  the  apical  ends  of  the 
neural  arches  which  have  extended  downwards  round  the  sheath  of 
the  notochord. 

In  the  ancestral  Craniate  therefore  corresponding  to  each  myotome 
there  were  on  each  side  of  the  notochord  four  cartilaginous  pieces. 
These  pieces  in  different  groups  of  animals  have  been  variously 
combined  with  their  successors  and  predecessors,  the  joint  between 
two  successive  vertebrae  being  formed  not  between  two  pieces  but 
by  the  absorption  of  cartilage  in  the  middle  of  a  piece  at  the  place 
where  the  maximum  bending  occurs. 

The  Crossopterygii  are  probably  in  some  respects  more  nearly 
related  to  the  ancestors  of  Amphibia  than  are  modern  Dipnoi. 
This  view  is  strengthened  by  the  fact  that  the  air-bladder  is 
occasionally  used  as  a  lung.  The  young  have  one  large  external 
gill  attached  to  the  operculum.  As  in  the  Dipnoi  the  mouth  is 
terminal. 

Sub-Order  B.    Actinopterrsrii 

The  Actinopterygii  are  distinguished  by  having  a  uniseriate  fin, 
the  base  of  which  is  not  covered  by  scales,  and  by  having  the 
opening  of  the  air-bladder  dorsal.     Among  the  most  primitive 
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subdivisioD  is  that  of  the  Ohondrostei,  or  Sturgeons.  Id  these  fish 
there  is  a.  long  ahovel-shaped  snout  or  prae-oral  part  of  the  head, 
whieh-is  used  for  shovelling  up  the  mud  at  the  bottom  of  vivers  in 
search  of  prey.  This  old-fashioned  feature  is  not  found  in  any  other 
family  of  the  Aotinopterygii,  all  of  which  have  terminal  mouths. 
The  Dotoehord  of  the  Sturgeons  has  a  thick  sheath  without  any 
trace  of  centra,  and  the  only  cartilage-bones  in  the  cranium  are  small 
ossifications  on  its  side-waits,  called  the  orbitosphenoid  and  the 
alisphenoid  bones,  and  a  pro-otic  in  the  front  wall  of  the 
auditory  capsule.  The  hyomandibular  segment  of  the  hyoid  arch  is 
ossified  by  two  tiones  — a  hyomandibular  where  it  articulates  with 
the  skull,  and  a  symplectic  below  where  it  joins  the  first  visceral 
arch.  A  large  part  of  the  cranium  is  covered  with  a  number  of 
membrane-bonea  which  pass  insensibly  into  the  greater  scutes  or 
bony  plates  which  cover  the  body.  These  latter,  tike  the  bones  of 
the  head,  are  derived  from  the  fusion  of  scales.  Though  the  mouth 
is  often  toothless,  there  is  a  distinct  maxillary  bone  in  the 
upper  lip  outside  the  pterygoid  bone  which  supports  the  pterygo- 
quadrate  cartilage.  A  great  parasphenoid  supports  the  base  of 
the  skull. 

The  common  sturgeon  Acipenser  is  found  in  the  Pacific  and  North 
Atlantic,  and  enters  the  rivers  of  Europe  and  America,  The  ovary 
forms  the  Russian  delicacy  known  as  caviare.  The  spoon-hill 
PolyotloH,  found  in  the  Mississippi,  has  a  very  broad  snout,  and  has 
lost  nearly  alt  its  scutes,  but  it  retains  some  at  the  sides  of  the  tail, 
and  a  series  forming  a  comb-like  fringe  along  the  dorsal  edge  of  the 
upper  lobe  of  the  tail,  called  fulcra. 

Thesubdivision  of  the  Halecomorfhi  is  represented  at  the  present 
day  by  only  one  species,  Amia  caloa,  the  Bow-fin  of  the  St.  Lawrence 
and  other  American  rivers.     Like  Polypter     th      p  has  com- 

plete amphicoelous  centra  formed  by  the  f  f  th    expanded 

bases  of  the  neural  and  haemal  arches :  th  1  o  largely 

replaced  by  bone,  not  only  behind  where  th  f  m  magnum  is 
encircled  by  four  bones,  the  supra-occipit   1   t  ipitals, 

and  a  basi-occipital,  but  at  the  sides  and       th  t  where  a 

mesethmoid  is  formed.  In  addition  there  is  a  complete  helmet 
of  membrane-bones  sun-ounding  the  cranium  above  and  at  the  sides, 
and  the  lips  have  above  a  pre-maxilla  and  a  maxilla,  and  below 
a  dentary,  all  well  provided  with  teeth.  The  whole  body  is 
covered  with  thin  rounded  scales.  Amia  is  a  voracious  fish  about 
two  feet  long. 
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The  next  family,  that  of  the  Lepido- 
BTEiDAE,  are  the  most  bony  of  all  lish. 
They  are  the  Hilt-fish  or  Gar-pikes  of 
the  Northern  and  Central  American  and 
Cuban  lakes  and  rivers.  The  whole 
hody  is  covered  with  scales,  like  those  of 
Polyptei-us,  coated  with  a  thick  layer  of 
enamel.  Tlie  jaws  are  long,  and  in  both 
the  upper  and  under  lips  there  is  a  series 
of  three  or  four  bones  bearing  teeth,  a 
rare  condition.  The  skull  is  as  bony  as 
that  of  .4m in.  The  vertebral  centra 
have  become  opisthocoelous,  that  is 
to  say,  each  centrum  is  convex  iu  front, 
fitting  into  a  concavity  of  the  hinder 
surface  of  the  one  in  front  of  it,  so  that 
the  notochord  has  almost  disappeared. 
The  ovary,  by  the  fusion  of  its  free  edge 
with  the  coelomic  wall,  has  become  con- 
verted into  a  sac,  to  which  the  funnel  of 
the  oviduct  has  become  adherent,  so  that 
ovary  and  oviduct  are  continuous.  The 
spiral  valve  on  the  intestine  is  rudi- 
mentary. 

The  Gar-pike  are  said  to  lie  in  wait 
among  the  reeds  on  the  banks  of  the 
lakes,  and  to  seize  small  animals  visiting 
the  swamp  in  their  long  pincer-like  jaws. 

The  remaining  families  of  the  Actino- 
pCerygii  are  grouped  together  as  Teleostei 
and  have  certain  well-marked  characters 
in  common  which  distinguish  them  from 
the  preceding  families  grouped  together 
as  the  Gasoidei,  The  first  of  these  char- 
acters is  the  structure  of  the  tail.  In  all 
the  Actinopterygii  so  far  mentioned  the 
tail  is  heterocercal,  though  in  some,  such 
as  Aniia,  the  ventral  lobe  is  very  pre- 
dominant. In  the  Teleostean  families 
the  ventral  lobe  forms  the  whole  of  the 
tail  and  is  placed  in  a  straight  line  with 
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the  rest  of  the  body,  the  end  of  the  notochord  being  sharply  bent 
up  almost  at  a  right  angle  with  the  remainder  and  snrrouniled  by 
a  bony  sheath.  Such  an  apparently  symmetrical  tail-lin  ia  called 
bomocetcal,and  it  is  to  be  sharply  distinguished  from  the  really 
symmetrical  diphycercal  tail  of  the  Dipnoi, 

Another  important  point  in  the  anatomy  of  Teleostei  is  the 
structure  of  the  heart.  The  eonus  arteriosus  with  its  several  rows 
of  valves  has  become  completely  absorbed  into  the  ventricle.  Only 
the  anterior  row  of  valves  remains,  separating  the  enlarged  ventricle 
from  the  ventral  aoi-ta,  at  the  origin  of  which  there  is  a  non- 
contractile  swelling,  the  bnlbus  arteriosus. 

The  stomach  is  distinctly  sac-like,  the  two  limbs  of  the  loop  of 
the  alimentary  canal  of  which  it  is  constituted  showing  a  tendency 
to  coalesce. 

The  intestine  has  become  longer  and  more  coiled  and  has 
completely  lost  its  spiral  valve.  Close  to  the  entrance  of  the  bile- 
duct  there  is  a  series  of  short,  blunt  diverticula  of  the  intf  stine, 
called  pyloric  caeca.  These  were  supposed  to  be  a  modified  true 
paucreas,  but  the  true  pancreas  has  recently  been  discovered  in  the 
form  of  a  number  of  very  delicate  tubes  intermixed  with  the  pyloric 
caeca.  In  no  Teleostean,  so  far  as  is  known,  does  the  (lancreas 
form  a  compact  gland.  The  ovary  is  a  hollow  organ  continuous 
with  its  duct ;  in  this  point,  it  is  true,  Lepidoaleua  has  Teleostean 
characters,  but  in  Teleostei  the  testis  is  also  continuous  with  its 
duct,  which  shows  no  relation  to  the  kidney ;  so  that  in  the  male 
there  is  a  complete  departure  from  the  normal  Craniate  arrange- 
ment. The  cloaca  has  undergone  more  division  than  even  in  the 
primitive  Actinopterygii,  for  the  conjoined  kidney  ducts  have  an 
opening  behind  and  distinct  from  that  of  the  united  genital  ducts. 

In  the  brain  the  roof  of  the  cerebrum  is  a  thin  non-nervous 
membrane,  but  the  optic  lobes  and  cerebellum  are  greatly  developed. 
The  interlacing  of  the  fibres  of  the  two  optic  nerves,  which  was 
alluded  to  above  as  the  optic  chiasma.  has  entirely  dtsapjieared, 
so  that  the  optic  nerve  from  the  left  side  proceeds  straight  to  the 
right  eye,  crossing  but  not  interlocking  with  those  from  the  right 
side  to  the  left  eye.  The  eyes  are  exceedingly  large,  so  that  in 
nearly  all  Teleostei,  as  in  the  Holocephali,  an  inter-orbital  septum 
is  formed,  along  the  upper  edge  of  which  the  olfactory  stalks  run. 

In  the  skeleton  there  is  hardly  a  feature  which  is  not  shared  by 
some  or  other  of  the  members  of  the  more  primitive  families  of 
the    Actinopterygii,   but   in   the   combination   of   features   it   is 
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characteristic,  and  it  is  of  such  an  uniform  type  throughout  a 
large  number  of  families  that  it  merits  a  special  description. 

The  notochord  is  constricted  by  the  formation  of  amphicoelous 
centra,  which  have  developed  four  ridges  projecting 
outwards  in  two  planes  at  right  angles  to  one  another. 
In  the  intervals  between  these  ridges  the  ends  of  the  neural  and 
haemal  arches  are  inserted,  all  being  converted  into  bone.  The 
pectoral  arch  is  represented  by  a  small  plate  of  cartilage  on  each 
aide,  in  which  are  two  bony  centres,  an  upper  scapula  and  a  lower 
coracoid  (Fig.  220).  Outside  this  there  is  a  strong  curved  mem- 
brane-bone, strengthening  the  hinder  border  of  the  opercular  slit, 


1,   Post -temporal.  2.   Supra-clavicle.  3.   Clavicle.  4,   Coracoid. 

5.  Scapula.  S.  Poat^clavicle.  T.  OBsified  radiala  of  the  fin. 

H.  Dermal  fin-rays. 

the  clavicle.  This  is  connected  with  the  skull  by  a  supra- 
clavicle  and  post-temporal  bar,  whilst  from  its  lower  end  a 
pre-elaviele  runs  forward  beneath  the  gills.  From  its  hinder 
edge  a  post-clavicle  often  projects  back  into  the  muscles.  The 
anterior  paired  fins  are  attached  to  the  girdle  where  the  scapula 
and  coracoid  join.     In  them  the  cartila^aous  skeleton  is  almost 
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all  absorbed,  the  basal  portioiis  of  the  fin-rays  becoming  changed 
into  true  membrane-bone  and  articulating  direct  with  the  pectoral 
girdle.  The  pelvic  fin  has  a  similar  structure,  and  the  pelvic  girdle 
has  quite  disappeared. 

The  cranium  is  completely  covered  with  bones.  Even  where 
cartilage  persists  it  is  covered  with  the  bones  which 
in  other  allied  forma  have  displaced  and  absorbed  the 
underlying  cartilage.  The  cranium,  as  already  mentioned,  is  so 
strongly  compressed  between  the  orbits  that  it  is  divided  into  two 
portions,  an  ethmoid  region  in  frout  of  the  eyes  and  an  occipital 
region  behind  them,  connected  by  a  narrow  sphenoid  isthmus 
running  between  them.  In  the  cartilaginous  roof  there  are  several 
membranous  windows  or  "  fontanel les."  The  anterior  fontanelle 
lies  between  the  nasal  sacs;  the  posterior  fontanelles  are  a  pair  of 
windows  situated  one  at  each  side  of  the  supra-occipital  bone. 
The  supra-occipital,  two  ex-occipitals,  and  a  basi-occipital 
form  the  hindermost  portion  of  the  brain-case  surrounding  the 
foramen  magnum  {Fig.  221).  The  supra-occipital,  which  is  situ- 
ated in  the  mid-dorsal  lUie,  has  a  great  vertical  ridge  to  which  the 
powerful  longitudinal  muscles  of  the  body  are  attached.  The 
auditory  capsule  is  completely  replaced  by  bone;  above  it  is 
covered  by  a  pointed  epiotic,  in  front  and  below  by  the  pro- 
otic,  behind  by  the  opisthotic,  and  on  the  outer  side  by  the 
pterotic  with  which  the  hyomandibular  articulates.  On  its  inner 
side  the  capsule  is  only  separated  from  the  brain  by  membrane.  In 
the  inter-orbital  septum  there  is  an  orbito-sphenoid  in  front,  an 
alisphenoid  behind  and  a  sphenotic  above  partly  extending  into 
the  auditory  capsule,  whilst  below  and  behind  in  the  base  of  the 
skull  there  is  a  Y-shaped  bone,  the  basi-sphenoid,  just  in  front  of 
the  basi-occipital  {Fig-  222).  The  ethmoid  region  in  front  of  the 
eyes  is  the  part  in  which  most  cartilage  persists;  it  is  ossified 
above  by  the  median  ethmoid  and  on  the  sides  by  the  lateral 
ethmoids.  Connected  with  the  cartilaginous  upper  jaw  there  is  a 
large  quadrate  bone  developed  where  it  articulates  with  the  lower 
jaw;  a  pterygoid  bone  replacing  the  cartilage  on  the  outer  and  an 
entopterygoid  on  the  inner  side;  lastly  ametapterygoid  above 
and  in  front  of  the  quadrate.  The  palatine  bone  is  situated  in 
front  of  the  pterygoid  and  articulates  with  the  lateral  ethmoid. 
This  bone  covers  a  bar  of  cartilage  of  uncertain  significance.  By 
some  it  is  regarded  as  an  anterior  portion  of  the  pterygoid  bar 
separated  from  the  rest  and  corresponding  to  part  of  the  upper  jaw 
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of  Elasmobranchs ;  by  others  it  is  regarded  as  having  an  inde- 
pendent origiu  from  this.  In  the  lower  jaw  we  have  a  bone, 
the  articular,  which  moves  on  the  quadrate.  In  the  second 
or  "  hyoid "  visceral  ai'ch,  we  find,  as  in  all  hyostylic  fish, 
an  upper  segment,  the  hyomandibular,  articulating  with  the 
skull,  and  a  lower  segment,  the  ceratohyal,  which  supports  the 


Fro.  S21.  A.  doTBal  and  B.  ventral  view  of  the  craDium  of  a  Salmon,  Salmo 
aatar,  from  which  most  of  the  membrane-bones  bave  been  removed.  After 
Parker.     Cartilage  is  dotted. 

1.  Supra-ocelpital.  2.  Epiotic.  3.  Pterotic.  4.  Spbenotic,  S.  Frontal. 
6.   Median  ethmoid.  7.   Parietal.         8.   Latenil  ethmoid.         9.   Para- 

sphenoid.  10.   Vomer.  II.   Ex-occipltal.  12.   Opistliotic. 

Vi.   Aiispbenoid.  14.  Orbitosphenoid.  Hi.   Foramen  for  passage 

of  an  artery.  17.  Fro-otic.  18.  Articular  surface  for  byomaudibular. 
11,  VII,  IX,  X.   foramina  for  the  passage  of  cranial  nerves. 

opercular  flap  and  from  which  in  Teleostei  bony  rays,  called 
branchiostegal  rays,  extend,  on  which  the  membranous  pai-t  of 
the  membrane  is  stretched,  as  an  umbrella  on  its  ribs.  The  hyo- 
mandibular segment  is  formed  here,  as  in  all  Actinopterygii,  of  two 
bones,  an  upper  hyomandibular,  senm  stricto,  uniting  with  the 
skull,  and  a  lower  sympleotic  joined  to  the  quadrate.  The 
ceratohyal  segment  likewise  ia  represented  by  three  bones,  a  main 
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ceratohyal,  a  small  interhyal  uniting  the  latter  to  the  symplectic, 
and  a  hypohyal  extending  inwards  from  its  lower  end.  The  two 
hypohyala  are  joined  by  a  median  bone,  the  glossohyal.  This 
supports  a  projection  of  the  floor  of  the  pharynx  which  is  the 
rudiment  of  the  tongue.  The  other  visceral  arches  are  composed 
each  of  four  bones,  except  the  last,  which  is  rudimentary.  The 
uppermost  segments  extend  inwards  on  the  roof  of  the  pharynx 
and  bear  teeth;  they  are  called  the  superior  pharyngeal  bones. 
Owii^  to  the  forward  slope  of  the  visceral  arches  these  bones  are 


1.  Supra-occipital.  2.  Epiolic.  3.  Pterotic.  4.  Opistliotic 

6,  Ex-occipital.  6.  BiiBl-occipitat.  7.  Paraaphenoid.  H.  Splienolic. 
4.  Alisplienoid.         10.  Orbitosphenoid.  II.     Lateral-  or  ecl-ethnioid. 

12.  Olfactory  pit ;  the  vomerine  teetb  are  seen  just  below.  14.  Pro-otic. 
15.  Basi-spheiioid.  16.  Foramen  for  the  passage  of  an  artery.  17.  An- 
terior fontanelle.  18.  Posterior  fontanelle.  I,  II,  V,  Vll,  IX,  X. 
foramina  tor  the  passage  of  cranial  nerves. 

directly  above  the  seventh  or  last  pair  of  arches,  which  consist  on 
each  side  of  a  small  bone  bearing  teeth,  the  inferior  pharyngeal 
bone.  Whatever  chewing  ia  done  by  fish  is  effected  by  these 
bones,  the  teeth  in  the  front  part  of  the  month  are  chiefly  used  for 
retaining  prey.  The  presence  of  teeth  on  the  gill-arches  is  not 
easy  to  explain.  Teeth,  as  we  have  seen,  are  structures  developed 
from  the  dermis  and  ectoderm,  whilst  the  gill-arches  support  the 
walls  of  the  pharynx  which  are  certainly  endodermal.  We  must 
either  suppose  that  some  portion  of  the  ectoderm  has  migrated 
inwards  through  the  gill-slits  or  that  the  endoderm  has  acquired 
the  power  of  producing  teeth ;  on  the  whole  the  first  supposition 
seems  the  more  probable. 
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The  membrane-boneB  in  the  Teleostean  skull  are  numerous  and 
are  traceable  to  two  sources,  namely,  the  scales  of  the  skin  and  the 
bases  of  the  teeth.  To  the  formercategory  belong  the  roofing  bones 
of  the  skull,  the  parietals  at  each  side  of  the  supra-occipital, 
and  the  great  frontals  which  cover  the  anterior  fontanelle,  but 
which  also  extend  outwards  and  roof  in  the  orbits,  A  pair  of 
delicate  nasal  bones  lie  on  the  nasal  sacs.  On  the  side  of  the  head 
there  is  a  chain  of  bones  surrounding  the  eye,  called  the  orbital 
ring,  and  four  bones  stiffening  the  upper  part  of  the  opercular 


VtQ.  223.     Mandibular  and  hyoid  archea  of  a  Cod,  Oadu*  morrhaa  xf 
1.  Palatine.  2.  Enio-pUrygoid.  3.  Pterygoid.  4.  Quadrate. 

5.  Symplectic.      8.  Meta-pterygoid.      7.  Hyomandibular.      8.  Anguiar. 
9.  Articular.  10.  Dentary.  11.  Interbyai.  12.  EpibjaL 

13.  Ceratohyal.      IJ.  Hypobyal.      15.  Glossobyol.      16.  BranchiaBiegil 
rays, 

flap,  a  pre-operculum  in  front,  an  operculum  above  and 
behind,  a  sub-operculum  below  it,  and  an  inter-operculuni 
between  the  pre-operculum  and  the  Bub-opercuhim, 

To  the  fusion  of  the  bases  of  teeth  we  must  ascribe  the  origin  of 
the  great  paras  ph  en  oid  bone,  which  stiffens  the  roof  of  the  moulh 
and  extends  back  under  the  basi-occipital,  although  in  no  Teleostean 
does  it  bear  teeth.  Similarly,  in  front  of  it  we  have  the  vomer 
made  of  two  bones  joined  in  the  middle  line,  which  still  bear 
teeth  in  their  anterior  portions.     It  is  possible  that  the  palatine 
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and  pterygoid  may  also  be  traceable  to  the  fusion  of  groups  of 
teeth,  placed  more  laterally,  but  in  this  case  the  membraQe-bone  has 
become  a  cartilage  bone  by  extending  into  and  replacing  the  car- 
tilaginous bar  beneath  it. 

The  meinbrane-bonea  in  the  lips,  which  are  essentially  character- 
iBticof  the  Teleostomi,  have  probably  had  a  double  origin — scales  of 
the  outer  skin  united  with  teeth  developed  just  inside  the  mouth. 


Fig.  224.    Lateral  view  of  the  skii]]  o[  a  Salmon,  Salmo  aalar.  Aft«r  Parker, 

Cartilage  is  dotted. 
1.  Supra-occipital.      2.  Epiotic.        3.  Pterotic.     4.  Sphenotic.       6.  Frontal, 
6,  Median  etBmoid.  T.  Farieial.  B.  Nasal,  9,  LacbryinaL 

10.  Sab-orbital.  11.  Supra-orbital.  12.  Cartilaginous  sclero lie. 

13.  Ossification  in  sclerotic.      14.  Ento-plerygoid.       16.  Meta- pterygoid. 
16.  Palatine.         17.  JugaL         18.  Quadrate.  Id.  Maxilla.     20.  Pr«- 

maxilla.      21.  Articular.      22.  Augular.     23.  Dentary.       24.  Uyonian- 
dibular.  2&.  Symplectlc.  20.  Epihyal.  27.    Ceratohyal. 

28,  Hypohyal.       2«.  Glossobyal.       30.  Opercular.     31.  Sub-opercuiar. 
32.  Infra-opercular.  33.  I're-opercular.  34.     Supra-temporal. 

3u.  Branch  lostegal  rays.  36.  Baai-brancbiostegal. 

There  are,  in  the  upper  lip,  the  pre-maxilla  in  front,  the  max- 
illa behind,  and  occasionally  behind  these  a  third  bone,  the  jugal. 
As  we  have  already  seen,  the  number  of  these  upper  lip-bones  is 
greater  in  the  Lepidosteidae.  In  the  lower  lip  there  are  in  front 
the  dentary,  behind  and  on  the  inner  side  the  splenial,  and  be- 
hind and  below,  the  angular.     The  branchiostegal  rays  mentioned 
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above  are  membrane-bones,  and  between  those  of  opposite  sides 
there  is  a  medium  bune  called  the  basi-branchiostegal. 

Taking  a  general  view  of  the  skeletons  thus  far  studied,  we  see 
that  the  replacement  of  cartilage  by  cartilage-bone  tends  to  take 
place  first  wherever  there  is  a  joint.  Thus  in  Dipnoi  we  find  the 
hinder  part  of  the  cranium  replaced  by  ex-occipitals,  whereas  in  the 
Chrondrostei,  where  all  the  skull  and  front  part  of  the  notochordal 
sheath  form  one  solid  mass,  no  such  bones  are  developed.  Again, 
in  Teleostei,  the  only  replacement  of  the  lower  jaw  by  cartilage-bone 
takes  place  at  its  proximal  end,  where  it  joins  the  upper  jaw.  Then 
again  we  find  the  lateral  ethmoid  developed  where  the  front  part 
of  the  palatine  articulates  with  the  skull,  and  the  articulation 
of  the  hyomandibular  has  probably  had  something  to  do  with 
bringing  about  the  ossification  of  the  auditory  capsule. 

With  the  exception  of  the  Ganoidei  all  the  Teleostomi  differ 

fundamentally  from    the   Elasmobranchs   and    Holo- 

Bee*  •nd       cephali,  in   having    small    eggs.     These   rapidly    de- 

velope    into    larvae    with    primitive   tails    and   other 

primitive  features  which  ally  modern  fish  with  the  old-fashioned 

fossil  forms     The  developeinent  into  the  adult  is  very  slow  and 

dangerous,  and  during  this  period  an  enormousnumber  of  the  young 

perish.     The  habits,  distribution,  and  food  of  these  young  form  one 

of  the  most  important  economical  problems  that  zoologists  of  the 

present  day  are  seeking  to  solve. 

Since  in  the  animal  kingdom  small  eggs  and  a  prolonged  larval 
life  constitute  the  more  primitive  arrangement,  and  eggs  charged 
with  yolk  and  cared  for  by  the  parent  a  secondary  modification,  we 
conclude  that  in  this  matter  the  Teleostei  have  retained  primitive 
habits.  This  throws  some  light  on  a  question  which  must  often 
arise  in  the  minds  of  all  students  of  zoology,  namely,  how  it  is  that 
comparatively  primitive  forms,  like  the  Elasmobranchs,  and  highly 
modified  forms,  like  the  Teleostei,  exist  side  by  side?  We  can 
see  that  in  each  case  there  has  been  some  great  modification  of  the 
primitive  arrangement,  in  Elasmobranchs  in  the  egg  and  young,  in 
Teleostei  in  the  skeleton  and  scales.  It  is  improbable  that  any 
living  animal  preserves  all  the  characters  of  the  common  ancestor 
of  the  group  to  which  it  belongs ;  some  traits  are  preserved  in  one 
CMC,  others  in  another. 

There  are  some  10,000  species  of  fish  included  amongst  the 
Teleostei.  The  limits  of  this  work  forbid  us  to 
mention  more   than  a   very   few,  and   these  will   be 
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chiefly  the  commoner  food-Bsh.  It  is  possible  to  separate  a  number 
of  families,  as  Phybostomi,  distinguished  by  the  two  aucieot  char- 
acters of  having  the  air-bladder  opening  into  the  oesophagus  and 
having  the  pelvic  fins  abdominal  in  position,  that  ia  to  say,  placed 
far  back  near  the  vent.  All  the  rest  are  termed  Physoclisti  ;  in 
them  the  air-bladder  is  a  closed  sac  having  lost  its  connection  with 
the  oesophagus,  and  the  pelvic  fins  have  been  in  nearly  every  case 
shifted  forwards  and  are  either  thoracic,  that  is,  placed  just  behind 
the  pectoral  fins,  or  jugular,  that  is,  placed  in  fi-ont  of  them. 

The  families  of  the  Phyaostomi  which  we  shall  mention  are  the 
Cat-fish  (Siloridae),  the  Eels  (Anouillidae),  the  Hemngs  (Clu- 
peidae),  the  Salmon  and  Trout  family  (Salmonidae),  and  the  Carp 
family  (Cyprinidae). 

The  Cat-fish  receive  their  name  from  the  peculiar  appendages 
called  barbels  which  hang  down  from  their  upper  and  under  lips. 


Other  fish  may  have  them  on  the  under  lip,  but  in  the  Siluridab 
the  maxilla  bears  no  teeth  and  forms  only  a  support  for  the  great 
barbels.  The  Siljridae  are  very  different  from  the  other  Teleosteau 
families,  and  it  appears  possible  that  they  are  more  nearly  related  to 
the  ancient  Chondroatei  than  to  other  Teleostei.  Thus  the  Cat-fish 
never  have  scales,  they  either  have  large  glistening  bony  scutes  or 
are  naked.  The  teeth  are  feeble.  The  skull  is  not  narrowed 
between  the  orbits ;  the  anterior  vertebrae  are  fused  together  and 
the  sub-ojjercular  bone  is  wanting.  The  first  ray  in  the  dorsal  and 
in  the  pectoral  fin  is  replaced  by  a  strong  spine.  The  Cat-fish  are 
mainly  a  tropical  group  abounding  in  South  America  and  Africa, 
and  nearly  all  are  fresh-water.  The  forms  with  bony  scutes  are 
confined  to  South  America.     Several,  however,  of  the  naked  species 
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are  found  in  North  America,  two  being  marine  Sea-Cats.  Ictalurua 
is  the  White  Cat,  an  excellent  food-fish  ranging  north  to  Kew 
England.  Amiurus  is  common  in  the  Eastern  States,  and  one 
species,  the  Bull-head,  A.  nebulosus,  is  found  in  the  St.  Lawrence. 

The  Anouillidae  or  Eels  are  long,  cylindrical  creatures  with 
either  small  deeply  embedded  scales  or  none.  The  dorsal,  ventraf, 
and  caudal  fins  are  contiguous,  the  pelvic  fins  being  absent.  The 
skull  resembles  that  of  the  Cat-fish  in  not  being  narrowed  between 
the  orbits,  and  in  having  only  one  or  two  bones  in  the  gill- 
cover.  Eels  spawn  in  the  sea.  Anguilla,  the  common  eel,  ascends 
streams  and  even  crosses  wet  grass  to  get  to  isolated  ponds; 
it  has  small  scales.  Eckeltia  (Conger),  the  conger  eel,  is  entirely 
marine,  and  devoid  of  scales ;  it  attains  a  length  of  six  feet.  The 
eggs  of  both  species  develope  into  a  peculiar  ribbon-shaped  larva 
with  colouriess  blood  and  slightly  developed  tail  called  Lepto- 
cephalus. 

The  Clupeidak  or  Herrings  are  distinguished  by  the  fact  that 
their  maxillae  bear  teeth  and  form  part  of  the  edge  of  the  jaw,  and 
further  that  the  maxilla  is  really  composed  of  two  or  three  pieces 
placed  end  to  end,  recalling  the  condition  in  the  Lepidosteidae. 
The  tail-fin  is  forked.  The  genus  Chtpea,  with  compressed  belly, 
edged  by  projecting  scales,  includes  not  only  the  Herrings,  which 
come  in  shoals  to  the  English  and  Scotch  and  American  coasts  to 
spawn,  but  also  the  Shad,  a  high-backed  herring,  which  frequents 
the  coasts  of  Canada  and  New  England,  and  which  spawns  in  the 
rivers.  The  eggs  of  Clupeidae,  as  a  rule,  are  large  and  heavy  and 
sink  to  the  bottom,  unlike  those  of  most  Teleostei,  which  float  at 
the  surface  of  the  sea.  The  Anchovy,  with  a  projecting  snout  and 
a  rounded  belly,  the  Pilchard,  and  the  Sprat,  also  belong  to  this 
family. 

The  Salmonidae  have  a  toothed  maxilla  and  a  jugal  bone  in 
the  upper  lip  and  a  small  soft  fin  devoid  of  rays  behiud  the  dorsal, 
called  the  adipose  fin.  In  the  female  the  oviduct  has  disappeared, 
the  eggs  escaping  by  two  pores.  The  genus  Salmo  includes  the 
well-known  Salmon,  which  ascends  rivers  to  deposit  its  spawn,  and 
also  the  Brown  Elver  Traut  of  Europe,  which  is  permanently 
confined  to  fresh-water.  The  brook-trout  of  North  America  belongs 
to  a  different  genus,  Salvelinus,  an<i  the  great  King-Salmon  of 
British  Columbia,  canned  in  such  enormous  quantities,  is  Onco- 
rhyncktis  tsckaict/tsclia.  From  a  sportsman's  point  of  view  it  is 
distinguished  from  the  true  Salmon  by  the  circumstance  that  it 
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doea  not  take  the  fly.  Coregoniia,  the  white  fish  of  the  great 
American  lakes,  much  esteemed  for  its  delicate  flavour,  also  be- 
longs to  this  group.  The  habit  of  ascending  the  rivers  to  spawn 
probably  points  to  the  conclusion  that  the  whole  gi-oup  was  origi- 
nally fi'esh-water,  and  that  the  Salmon  is  a  river  hsh  wiiich  has 
taken  to  the  sea,  whereas  the  Eel  is  a  salt-water  fish  which  has 
taken  to  fresh-water.  Whether  all  the  Herring  family  were  ever 
fresh-water  or  not  is  doubtful,  but  it  is  interesting  to  not«  that 
the  Pilchard  has  a  small  floating  egg. 

The  CvpRis'iDAE  include  the  Carp  and  American  Minnows. 
The  maxilla  does  not  form  part  of  the  edge  of  the  mouth,  but 
merely  serves  to  stiffen  the  membranous  cheek.  Teeth  are  absent 
from  the  iips,  although  nell  developed  on  the  gill-arches;  there  is 
DO  adipose  fin,  and  the  stomach  is  not  well  marked.  The  Gold-fish 
is  a  Japanese  species. 

The  great  division  of  the  Physoclisti  Includes  five  main  sub- 
divisions, the  Anacantfiini,  the  Acanthopteri,  the  Pharvx- 
GOGHATUl,  the  LoPHOBRANCHil,  and  the  Plectognathi.  The 
last  two  groupa  are  in  some  reipects  aberrant 

I.  T)i%  A},ACANTHINI  ha\e  all  the  fin  rays  soft  and  flexible 
and  the  pelvic  hns  are  shifted  fon\ard  in  front  of  the  pectorals 
The  Gadidae  are  the  Cod  family,  and  iiiiludes  the  Cod,  Haddock, 
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Whiting,  and  Pollack.  The  fish  spawn  out  at  sea,  one  female  cod 
producing  as  many  as  9,000,000  eggs.  The  Pleukonectidae,  or 
flat  fish,  also  belong  here.  They  are  fish  with  compressed  backs 
and  bellies,  and  broad  aides;  they  habitually  awim  on  one  side,  and 
the  eye  belonging  to  the  side  kept  downwards  is  twisted  on  to  the 
upper  side,  deforming  the  bones  of  the  skull.  The  anus  is  very  far 
forward,  the  dorsal  and  ventral  fins  both  being  about  equally  long ; 
the  air-bladder  is  absent.  The  most  valued  member  of  this  family 
in  British  water  is  the  Sole,  Solea,  distinguished  by  its  elongated 
shape.  Other  food-fish  belonging  to  this  family  are  the  Flounder, 
the  Plaice,  the  Turbot,  the  Brill,  and  the  Dab.  On  the  coasts  of 
Europe  and  of  North  America  is  found  the  immense  Hafibiit, 
Hi{ypo(jloii»tts,  which  may  attain  a  length  of  6  feet  and  a  weight  of 
400  pounds. 

II.  The  ACASTHOPTERi  are  the  spinj'-rayed  fish  in  which  the 
first  rays  of  the  dorsal  and  ventral  fina  are  converted  into  bony 
dermal  spines.  Many  families  of  most  varied  structure  ai'C  included 
in  this  subdivision;  the  two  best  known  are  the  ScoMBRinAe,  in- 
cluding the  Mackerel,  and  the  Percidae  or  Perches.  The  first  are 
distinguished  by  the  small  dorsal  fin  supported  by  spines  only, 
followed  by  a  long  dorsal  fin,  the  end  of  which  is  broken  into  finlets. 
In  the  Percidae  the  scales  have  a  toothed  posterior  border,  that  is, 
they  are  ctenoid,  and  the  first  spinous  doi-sal  fin  is  long.  The 
American  fish  called  Bass  belongs  to  two  families,  the  river-bass 
being  one  of  the  Cextrahchidae,  distinguished  by  high  compressed 
body  and  undivided  dorsal,  whilst  the  searbass  belongs  to  the 
Serkamdae,  a  family  closely  allied  to  the  Perches. 

in.  The  Pharyngognathi  have  the  lower  pharyngeal  bones 
firmly  united  with  one  another.  This  division  includes  the  Labridae 
or  Wrasses,  distinguished  by  their  thick  lips  and  protnisible  pre- 
maxillae,  the  Triglidae  or  Gurnards,  which  walk  on  the  spines  of 
the  pelvic  fin,  the  GnminAE,  and  many  other  small  fish. 

IV.  The  LOPHOBHANCHII  are  peculiar  fish  covered  with 
rings  of  large  plates ;  their  gill  processes  are  club-shaped  instead 
of  triangular,  and  are  attached  in  tufts  to  the  side  of  the 
clefts;  there  are  no  pelvic  fins  and  the  tail-fin  is  rudimentary. 
The  jaw-bones,  the  pterygoid,  and  maXilla  are  elongated  so  as 
to  form  a  long  muzzle  at  the  end  of  which  is  the  tiny  mouth. 
Siphonoatoma  is  the  Pipe-fish  which  moves  slowly  amongst  the  long 
green  fronds  of  the  green  sea-weed  Zostera,  which  it  resembles, 
picking  off  minute  Crustacea  and  Atolluscs.     It  is  common  both 
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on  the  British  and  American  coasts.     Hippocampus,  the  Sea-horse, 

has  the  muzzle  bent  down  at  aa  angle  with  the  rest  of  the  body 

so  as  to  present  a  whimsical  resemblance  to  a  horse's  head.     It 

anchors  itself  by  curving  its  tail  round 

weeds    and    swims    slowly   but  with 

dignity  by  means  of  the  dorsal   fin. 

This  genus  ia  found  in  the  Mediter- 

■a        raneaii  and  also  on  the  more  southern 

parts  of    the   American    coast    The 

Lophobranchii  show  a  peculiar  mode 

of  caring   for  the  young ;    the    male 

has  a  brood   pouch  enclosed  by  two 

folds  of  skin  on   the  under  side  of 

his  body,  in  which  he  carries  the  eggs 

until  they  are  hatched. 

V.   The  Plectoqsathi  resemble 
the  Lophobranchii   in   being  covered 
with  plates  instead  of  scales  and  in 
having  lost  the  pelvic  fins.     The  pelvic 
fins  are  represented  by  spines  or  are 
entirely  absent.     The  pre-maxilla  and 
hyomandibular  are  immoveably  fused 
to  the  skull,  whilst  the  inferior  pha- 
ryngeal   bones    remain    distinct     In 
Ostracion,  the   trunk-fish,  the   plates 
form  as  compact  a  cuirass  as  the  shell 
of  an  Echinus :  the  only  flexible  spots 
being  around  the  articulations  of  the 
fins  and  the   lower  jaw.     In  Diodon 
and  Tet)-od(m  the  teeth  have  coalesced 
to    form    great    transverse  ridges  of 
enamel,  and  the   dermal   plates  bear 
spines  which  are  usually  directed  back- 
wards,  but  which   are  erected   when 
the  body  is  rendered  tense  by  swallowing  air  into  the  gullet  and 
stomach.     These  extraordinary  iish  are  confined  to  tropical  waters ; 
they  haunt  small  crevices  of  the  rocks,  in  which,  when  the  tide 
retires,  very  small  quantities  of  water  are  left,  and  it  appears  that 
the  gills  absorb  oxygen  from  the  air  they  swallow. 


Fio.  228.  A.  The  Sea-horse, 
Hippocainpul  Bp.  B.  Head 
oC  the  satue,  Ihs  operculum 
has  been  turned  back  to 
show  the  gills. 

1.  Branchial  aperture.  2,  Pec- 
toral lin.  3.  Dorsal  tin. 
4,  Brood  pouch.       6.  Gills. 
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The  Pisces  are  classified  as  follows :  — 
Order  1.    BlaBmobrancbli. 

Pisces  devoid  of  air-bladder  or  lung ;  with  placoid  scales; 
no  bones  developed  except  at  the  baaes  of  these  scales. 
Cartilaginous  centra  formed  by  the  division  of  the  notochordal 
sheath  and  not  corresponding  to  the  neural  arches.  The  jawa 
slung  to  the  skull  by  the  second  arch.  No  operculum  :  well- 
developed  gill-aacs  present. 

Sub-order  (1).     Selachoidei. 

Elaainobrancbii  of  cylindrical  form  with  well-developed  tail- 
fin,  and  pectoral  fins  of  moderate  size.  Spiracle  small  or  absent. 

Ex.     Carcharodon,  ScylUnm,  Acanthiaa. 
Sub-order  (2).     Batoidei. 

Elasmobranchii  of  flattened  form,  the  tail  whip-like  and  the 
tail-fin  rudimentary,  the  pectoral  fin  very  large  and  joined  to 
the  skull.  Spiracle  very  large  and  opening  on  the  dorsal 
surface,  openings  of  the  other  gill-slits  ventral. 

Ex.    Raja,  Trygon. 
Order  2.     Holocepbali. 

Pisces  devoid  of  air-bladder  or  lung;  the  skin  naked,  a 
series  of  slender  l)ony  rings  in  the  unsegmented  notochordal 
sheath,  i)eside8  this  no  other  bones.  Upper  jaw  completely 
confluent  with  the  skull.  An  operculum  present,  well-developed 
gill-sacs. 

Ex.     Ckimaera. 

Order  3.     Dipnoi. 

Pisces  with  a  large  lung,  sometimes  divided  into  two, 
opening  by  a  ventrally  situated  glottis  into  the  oesophagus : 
the  atrium  of  the  heart  divided  into  two,  the  left  division 
receiving  blood  from  the  lung  only.  The  body  is  covered  with 
thin  flat  scales.  Membrane-bonea  covering  the  skull  and  roof 
of  the  mouth.  Cartilage-bones  in  the  upper  jaw  and  in  the 
hinder  region  of  the  skull,  but  the  notochordal  sheath  is 
undivided.  The  upper  jaw  completely  fused  with  the  skull. 
An  operculum  present,  the  septa  between  the  gill-sacs  reduced 
so  that  they  become  gill-slita. 

Ex.     Ceratodus,  Lepidosiren,  I^topterus. 
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Order  4.     Teleostomi. 

Pisces  with  an  air-bladder  which  returns  blood  into  the 
cardinal  veins,  the  atrium  of  the  heart  beiog  undivided.  The 
sheath  of  the  notochord  sometimes  remains  undivided,  but 
when  centra  are  present  they  are  formed  by  the  fusion  of  the 
expanded  bases  of  the  neural  and  haemal  ai'ches,  not  by 
the  segmentation  of  the  sheath  of  the  notochord.  Membrane- 
bones  in  the  skull  and  roof  of  the  mouth,  aud  in  addition  a 
series  in  both  upi>er  aud  lower  lips  bearing  teeth,  situated  out^ 
side  and  functionally  replacing  the  original  jaws.  Cartilage- 
bones  in  the  jaws  and  skull.  The  upper  jaw  slung  to  the  skull 
by  means  of  the  hyoid  arch.  A  well-developed  opei-cuhim 
present :  the  septa  between  gill-sacs  are  so  narrowed  that  they 
form  gill-slits  with  long  branchial  processes.  The  cloaca  divided 
into  two  openings. 

Sub-order  1.     Crossopterrgii. 

Teleostomi  in  which  the  pectoral  and  pelvic  fins  have  the 
form  of  a  lobe  covered  with  scales  fringed  anteriorly  and 
posteriorly  with  fin-rays.  The  air-bladder  is  bilobed  and  its 
opening  is  ventral.  The  scales  are  rhomboidal  and  covered 
with  enamel. 

Ek.     Polypterus. 
Sub-order  2.    Actinopterygii. 

Teleostomi  in  which  the  paired  fins  bear  rays  only  on  their 
posterior  borders  and  in  which  the  base  of  the  fin  is  never 
covered  with  scales.    The  opening  of  the  air-bladder  is  dorsal. 

Division  A,     Ganoidei 
Actinopterygii  which  retain  the  optic  chiasma,  several  rows 
of  valves  in  the  conns  arteriosus  and  a  spiral  valve  in  the 
intestine.     A  heterocercal  tail. 
Subdivision  (1)     Cliondi-ostei. 

Actinopterygii  clothed  with  large  bony  plates  which 
pass  uninterruptedly  into  the  membrane- bones  of  the 
head,  the  notochovdal  sheath  undivided :  very  few  car- 
tilage-bones. A  long  snout  projecting  in  front  of  the 
mouth.  Teeth  rudimentary. 
Ex,     Adpenaer. 
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Subdivision  (2)     Hudecomorphi. 

Actinopterygii  with  thin  scales:  mauy  cartilage-bones 
and  the  notochordal  sheath  surrounded  by  well-formed 
amphicoeious  vertebrae.     Mouth  terminal. 

Ex.     Amia. 
Family  (3)     Lepklostehlae. 

Actinopterygii  with  rhomboidal  scales  covered  with 
enamel  t  the  skull  completely  ossified  and  the  vertebrae 
opisthocoelous.  Jaws  very  much  elongated,  each  carrying 
a  row  of  long  teeth. 

Ex,     Lepidosteus. 

Division  B,     Teleostei 

Actinopterygii  in  which  the  optic  nerves  cross  without 
intermingling,  the  conus  is  absorbed  into  the  ventricle,  leav- 
ing one  row  of  valves.  No  spiral  valve  in  the  intestine.  A 
homocercal  tail. 

Section  1.     Physostomi. 
Teleostei  which  retain  the  opening  of  the  air-bladder 
into  the  alimentary  canal :  the  pelvic  fins  are  abdominal  in 
position. 
Family  (1)     S/litridae. 

Physostomi  with  a  skin  naked  or  covered  with  bony 
plates:  the  skull  unconstricted  between  the  orbits,  max- 
illa without  teeth,  bearing  a  long  barbel. 
Ex.     Amiunts,  Ictalurus. 
Family  (2)     AnguilUdae. 

Physostomi  devoid  of  scales,  skull  not  constricted 
between  orbits.  Xo  reproductive  ducts.  A  continuous 
dorsal-caudal-anal  fin. 

Ex.     EchelHS,  Awjuilla. 
Family  (3)     Sahiionidae. 

Physostomi  with  thin  scales,  the  skull  constricted 
between  the  orbits,  the  maxilla  forming  part  of  the  edge 
of  the  jaw  and  bearing  teeth.  A  small  soft  dorsal  fin 
behind  the  main  dorsal. 

Ex.     Salmo,  Salvetinue,  Oncorkynchua. 
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Family  (4)     Chtpeidae. 

Physostomi  in  most  points  resembling  the  laat  family  ; 
the  maxilla  consists  of  several  pieces,  and  there  is  no  soft 
dorsal  fin. 

Ex.     Clupea. 

Family  (5)     Cypriuklae. 

Physostomi  in  which  the  maxilla  la  toothless  and 
buried  in  the  clieek  membrane. 
Ex.     Cyprhms. 

Section  2.     Physocliati. 

The  remaining  sections  of  the  Teleostei  have  lost  the 
opening  of  the  air-bla^lder  into  the  alimentary  canal.  This 
organ  becomes  a  closed  vesicle. 

Sub-section  1.     Anaoanthini. 

Teleostei  in  which  the  fin-rays  are  all  soft  and  flexible,  and 
the  pelvic  fins  are  shifted  forwai-d  anterior  to  the  pectorals. 

Family  (1)     Oadidae. 

Anacanthini  of  sjinmetrical  shape  not  especially  com- 


Ex.     G(ttlua. 
Family  (2)     Pteuroneclidae. 

Anacauthini  very  much  compressed  laterally,  which 
swim  always  on  one  side :  the  eye  belonging  to  the  lower 
side  being  rotated  on  to  the  upper  side. 
Ex.     Solea,  Flate.im,  Hippoijlosaiia. 
Sub-section  2.     Acanthopteri. 

Teleostei  in  which  some  at  least  of  the  fin-rays  of  the 
median  fins  are  hard  and  unjointed. 

Family  (1)    Scombridae. 

Elongated  Acanthopteri  in  which  there  is  a  short 
spinous  dorsal  fin  followed  by  a  long  softer  one,  the 
hinder  portion  of  which  is  broken  up  into  linlets. 

Ex.     Scomber. 


^aovGoOt^lc 


JCV.]  CLASSIFICATION  899 

Family  (2)    Percidae. 

Short  Btout  Acanthopteri  with  one  long  dorsal  fin  fol- 
lowed by  a  short  one  and  having  a  toothed  posterior  border 
to  the  scales. 
Ex.     Perca. 
Family  (3)    Serranidae  (Sea  Bass). 

Closely  allied  to  the  Percidae,  but  distin^ished  by 
having  the  dorsal  fin  undivided.     Teeth  large  and  numer- 
ous, a  large  pseudobi-anch. 
Family  (3)     CentraTchidae  (River  Itass). 

Acanthopteri  which  have  a  laterally  compressed  body 
and  undivided  dorsal  fin.     Teeth  small,  a  small  pseudo- 
branch. 
Sub-section  3.     Pharsmgotrnathi. 

Teleostei  in  which  the  bones  (nidimentary  fifth  gill-arches) 
bearing  the  pharyngeal  teeth  are  iirmly  united  together. 
Ex.     Labrus. 
Sub-section  4.     Lophobranohii. 

Teleostei  covered  with  bony  plates,  the  facial  bones  elon- 
gated so  that  the  jaws  are  at  the  end  of  a  tube-like  proboscis. 
The  branchial  processes  are  arranged  in  tufts  and  thickened  at 
their  free  ends.    The  pelvic  iins  absent. 
Ex.     SyngnalkiiH,  Il'ippocainpus. 
Sub-section  5.     Pleotognathi. 

Teleostei  covered  with  bony  plat«s,  the  pre-maxilla  and 
hyomandibular  immoveably  joined  to  the  skull.     The  gills 
normal.     Pelvic  fins  absent  or  represented  by  spines. 
Ex.     Oatracion,  Diodon,  Tetrodon. 
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Sub-Phylum  IV.     Ckaniata 

Class  II.     Amphibia. 

The  class  Amphibia  includes  the  familiar  frogs  and  toads,  the 

less-known  newts  and  salamanders,  and  some  very 

Sle'SM™'"'    curious  worm-like  tropical  forms  which  burrow  in 

the  earth.     The  name  means  double  life  (Gr.  a/t<^i, 

double  J  0i<K,  manner  of  living),  and  refers  to  the  fa*;t  that  all  the 

typical  members  of  the  class  commence  their  lives  as  fish-like  larvae, 

breathing  by  gills,  and  afterwards  b?i'ouie  converted   into  land 

animals  bi-eathing  by  lungs.     TJiis  stronjjly  marked  larval  type  of 

developeinent  is  one  of  the  great  distinctions  between  the  Amphibia 

and  the  only  other  class  of  Vertebrata  with  which  (hey  could  be 

confounded,  viz.,  the  Reptiles.     In  the  Reptiles,  as  in  the  Birds,  a 

large  egg  abundantly  provided  with  nutritive  material  is  produced, 

and  the  young  animal  practically  completes  its  developement  within 

the  egg-shell  and  is  born  in  a  condition  differing  from  the  adult 

chiefly  in  size. 

It  might  at  first  sight  l>e  thought  that  the  fact  that  Amphibia 
Ijreathe  air  in  their  later  life  and  live  on  land  would  be  sufficient  to 
mark  them  off  from  the  fish.  Biit  we  have  already  seen  that  one 
order  of  fish  —  the  Dipnoi  —  possess  lungs  and  breathe  air,  and  on 
the  other  hand  some  Amphibia  retain  gills  throughout  life  and 
rarely  if  ever  leave  the  water. 

The  unbridged  gap  between  true  fish  and  Amphibia  is  to  be 
found,  not  in  the  breatliing  organ  but  in  the  stnicture  of  the  limb. 
Fish  possess  fins  —  median  and  paii'ed — which  ai-e  in  both  cases 
supported  by  homy  rays,  as  well  as  an  internal  skeleton;  and  the 
paired  fins  have  an  internal  skeleton  which  has  the  form  of  a  jointed 
axis  bearing  similar  rays  on  one  or  both  sides  (Figs.  205  and  215). 
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The  Amphibian  limb,  on  the  other  hand,  is  Trhat  is  known  as  a 
pentadactyle  limb;  that  is  to  say,  it  is  constructed  on  the 
familiar  type  of  the  human  limb,  and  the  median  tin  when  present 
has  no  fin  rays  (Figs.  229  and  231). 

The  pentadactyle  or  five-fingered  limb  (Gr.  a-oTt,  five;  SaxTtXat, 
a  finger),  also  called  the  cheiropterygium  (Gr.  x'lp,  ^  hand ;  Trrtpu- 
ytor,  little  wing,  hence,  an  appendage),  consists  of  three  segments,  a 
proximal,  containing  one  long  bone ;  a  middle,  containing  two  bones 
placed  side  by  side  and  occasionally  fused  into  one;  and  a  distal, 
containing  a  series  of  small  squarisli  bones  arranged  in  lines  so  as 
to  give  rise  to  a  series  of  diverging  rays;  the  last-mentioned 
constitute  the  skeleton  of  the  fingers  and  toes.  In  the  proximal 
part  of  this  lowest  segment  the  bones  are  much  crowded  together 
and  the  rays  tend  to  coalesce:  this  part  has  received  a  special 
name,  as  has  also  the  portion  where  the  rays  although  separate 
are  embedded  in  the  same  muscular  mass. 

The  fore-limb  is  called 
the  arm,  and  its  divisions 
the  brachium,  or  upper 
arm,  the  ante-brachium 
or  fore -arm,  and  the 
tnanus  or  hand  (b,  Fig. 
229).  The  hind  limb  is 
the  leg,  and  its  divisions 
are  the  femur  or  thigh, 
the  c  r  u  s  or  shank,  and  the 
pes  or  foot  (a.  Fig.  229). 

The  manus  is  divided 
into  three  regions,  viz. : 
(n)  the  carpus  or  wrist 
where  the  rays  tend  to 
coalesce;  (6)  the  meta- 
carpus or  palm  where  the 
rays  although  separate  are 
bound  together  by  flesh 
and  skin;  (c)  the  digits 
or  free  ends  of  the  rays. 
The  pes  is  similarly  divided  into  tarsus  or  ankle,  metatarsus 
or  sole,  and  digits  or  toes. 

The  bone  of  the  brachium  is  called  the  humerus,  that  of  the 
femur  bears  the  same  name  as  the  segment  to  which  it  belongs; 


Fio.  229.  A.  A  skeleton  of  a  right  poste- 
rior and.  B,  of  a  rit'tit  anterior  limb  of  a 
Newt,  Jlolge  cristata  x  IJ. 

1.    Femur.  2.    Tibia.  3.    Fibula. 

4.  Tibiale.  5.  Intennedium.  0.  Fibu- 
lare.  T.  CentTHle  of  tarsus.  S.  Tarsale  1. 
».  Tarsalia4  and  6fuse(l.  1.  II.  III.  IV. 
V.  Digits.  10,  Hnmenis.  H.  Hadius. 
,  12.  Ulna.  13.  Radiale.  14.  Intermediutn 
'  and  ulnare  fused.  15,  Centrale  of  Ciirpus, 
tbe  pninilng  line  passes  across  carpale  2. 
10.   Carpale:).       IT.    Carpale  6. 


2d 
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those  of  the  ante-brachium  are  called  radius  and  ulna,  those  of 
the  eras  tibia  and  fibula  (Fig.  229). 

The  skeletons  of  the  pea  and  manus  are  typically  exactly  the 
same.  Situated  prosimally  close  to  the  middle  segmeutof  the  limb 
is  a  transverse  row  of  three  small  bones,  the  central  one  being  called 
the  iutermedium  in  both  limbs,  whilst  the  outer  and  inner  are 
named  after  the  bones  of  the  middle  segment  of  the  limb  adjacent 
to  them.  Thus  we  find  in  the  wrist  a  radiate  and  ulnare  and 
in  the  ankle  a  tibiale  and  f  ibiale.  Beyond  this  row  of  bones 
there  is  a  single  central  bone  which  probably  belongs  to  the  middle 
ray,  and  beyond  it  a  row  of  iive  amall  bones  corresponding  to  the 
digits.  This  last  row  are  denominated  carpalia  in  the  wrist  and 
tarsalia  in  the  ankle.  The  indi^-idiial  bones  are  called  carpale 
(or  tarsale)  1-5  in  accordance  with  the  digits  opposite  which 
they  are  situated. 

In  almost  every  case  this  typical  skeleton  of  nine  bones  has 
undergone  some  modification,  owing  either  to  the  absence  of  some 
bones  or  the  fusion  of  others,  but  in  the  hind-limb  of  the  lower 
Amphibia  it  is  exactly  typical.  In  the  higher  Amphibia  not  only 
has  great  reduction  of  the  elements  taken  place  but  the  radius  and 
ulna  in  the  fore-limb  and  the  tibia  and  fibula  in  the  hind-limb  have 
coalesced,  a  groove  only  being  left  to  show  their  primitive  distinct 
ness. 

The  primitive  position  of  the  limbs  with  reference  to  the  trunk 
is,  from  the  study  of  development,  assumed  to  be  one  in  which  they 
are  stretched  out  at  right  angles  to  it,  with  the  inner  surface  of  the 
hand  and  the  sole  of  the  foot  directed  ventrally  and  in  such  a 
position  that  a  line  joining  the  tips  of  the  fingers  is  parallel  to  the 
long  axis  of  the  body.  If  we  suppose  an  imaginary  line  or  axis  to 
run  down  the  centre  of  each  limb,  we  shall  be  able  to  distinguish 
a  pre-axial  ttdm  a  post-axial  side.  In  the  lower  Amphibia  the  only 
change  from  this  position  that  has  taken  place  in  the  hind-limb  is 
that  each  segment  of  the  limb  is  bent  at  right  angles  on  the  one 
which  follows  it.  The  fore-limb  is  bent  similarly,  but  it  is  also 
rotated  backwards  so  tiiat  its  upper  segment  is  almost  parallel  to 
the  axis  of  the  body,  and  the  elbow  points  backwards.  If  this 
position  were  maintained  the  first  digit  would  become  external ;  but 
the  manus  in  most  cases  is  at  the  same  time  twisted  forwards  so 
that  the  lower  end  of  the  radius  lies  internal  to  that  of  the  ulna, 
and  the  radius  thus  crosses  the  ulna  in  its  course.  In  the  higher 
Vei-tebrata  this  twisting  can  be  undone  and  the  band  reverts  to 
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an  untwisted  position.    This  movement  is  known  as  supination, 
the  reverse  movement  being  known  as  pronation. 

The  hind  limb  in  the  higher  Amphibia  and 
other  Vertebrata  is  likewise  rotated  forward  so 
that  the  knee  points  forward  and  the  first  digit 
is  internal,  but  this  does  not  oecur  in  the  lower 
Amphibia,  such  ae  Molge. 

The  pectoral  girdle  is  not  essentially  dif- 
ferent in  the  lower  Amphibia  and  the  more 
primitive  Teleostomi,  but  the  pelvic  girdle  is 
firmly  joined  to  the  transverse  process  of  one  of 
the  vertebrae,  which  is  called  the  sacral.  This 
is  one  of  the  most  distinctive  features  of  all 
pentadactyle  animals;  it  is  a  consequence  of 
the  adaptation  of  the  pentadactyle  limb  to  raise 
the  body  from  the  ground  (Fig.  230).  It  is 
necessary  for  this  purpose  that  the  limb  should 
have  a  firm  purchase  on  the  axial  skeleton. 
Consequently  when  we  find  some  Amphibia 
which  never  use  their  limbs  for  crawling  but 
only  for  swimming,  we  may  be  assured  that  this 
is  a  secondary  degenerate  condition. 

Next  to  the  character  of  the  limb  one  of 
the  most  distinctive  features  of  Amphibia  is 
the  nature  of  the  skin.  Indeed  the  five  great 
classes  of  Gnathostomata  —  Fish,  Amphibia, 
Reptiles,  Birds,  and  Mammals — are  each  per- 
fectly chai-acterised  by'the  nature  of  their  skin. 
In  a  typical  Amphibian  the  skin  is  soft  and 
moist  and  devoid  altogether  of  any  ossifications 
like  the  scales  of  fish.  The  skin  is  a  most 
important  breathing  organ,  since  the  lung  alone 
canuot  meet  the  demand  for  oxygen,  and  if  the 
skin  becomes  dry  and  consequently  incapable 
of  absorbing  oxygen  the  animal  dies.  The 
necessary  moisture  is  supplied  from  a  series  of 
pockets,  to  form  which  the  ectoderm  is  pouched 
inwards — or  to  use  a  more  convenient  term  "in- 
vaginated"  — at  various  points,  and  the  cells 
lining  these  pouches  have  the  power  of  secreting  ^'^j  ?^;  Skeleton 
great  quantities  of  mucus.     As  the  cells  become        aistata  x'l. 
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broken  up  into  mucus,  new  cells  take  their  place,  being  budded  off 
from  the  underlying  Malpighian  layer  just  as  the  horny  cells  are. 
These  pouches  are  kauwn  as  dermal  glands. 

The  skull  and  brains  are  very  characteristic,  recalling  in  many 
points  those  of  the  Dipnoi.  The  axis  of  the  brain  remains  straight, 
as  in  tish ;  in  higher  Vertebrates  this  axis  is  more  or  less  folded.  In 
contrast,  however,  with  fish,  the  cerebral  hemispheres  of  the  fore- 
braiu  are  relatively  large,  whereas  the  cerebellum,  usually  so  large 
in  fish,  is  reduced  to  a  mere  band  (Fig.  241). 

The  skull  always  articulates  by  two  pegs  —  the  eioecipital  con- 
dyles —  with  the  first  vertebra  (Fig.  232).  It  is  remarkable  for  its 
extremely  flattened  shape ;  the  jaws  are  widely  bent  outwards  so 
that  the  large  eyes  in  no  way  compress  the  cranium,  which 
is  thus  evenly  cylindrical.  Both  membrane-  and  cartilage-bones 
are  present,  but  the  ossification  is  by  no  means  complete.  The 
exact  arrangement  of  the  bones  will  be  given  when  the  type  is 
studied. 

The  vertebrae  are  either  procoelous  (Gr.  n-po,  in  front;  kiUXik, 
hollow),  or  opisthoeoelous  (Gr.  otutOo-,  behind),  that  is  to  say  either 
concave  in  front  and  convex  behind,  or  vice  versd,  and  the  arrange- 
ment may  differ  in  allied  genera. 

The  vertebrae  articulate  with  one  another,  not  only  by  the 
centra,  but  also  by  facets  called  zygapophyses  (Gr.  fijydi',  ayolte), 
on  the  sides  of  the  neural  arches.  The  interior  facets,  pre-zygapo- 
physes,  look  upwards  and  are  covered  by  the  posterior  facets  or 
pos  t-zygapophyses  of  the  vertebra  in  front  which  lookdownwardf. 

The  circulatory  system  closely  resembles  that  of  the  Dipnoi. 
The  atrium  is  divided  into  two  auricles  and  the  blood  from  the  lungs 
returns  direct  to  the  left  auricle  by  the  pulmonai'y  veins.  A  median 
vein,  the  inferior  cava,  returns  the  blood  from  the  kidneys  directly 
into  the  sinus  venosus,  receiving  in  its  course  the  hepatic  vein. 
The  anterior  portions  of  the  posterior  cardinals  are  much  reduced 
in  size  and  may  be  altogether  absent. 

The  lungs  open  by  a  common  stem,  the  laryngeal  chamber,  into 
the  throat  The  opening  is  called  the  glottis,  and  its  sides  are 
stiffened  with  cartilage. 

The  kidneys  and  reproductive  organs  show  essentially  the  same 
arrangement  as  in  the  Elasmobranchs,  the  kidney  being  divided  into 
a  sexual  part  connected  with  the  testis  and  a  posterior  non-sexual 
part.     There  is  one  opening  for  all  discharges,  the  cloaca. 

The  ventral  wall  of  the  cloaca,  however,  is  produced  outwards 
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iotoagreat  thin-walled  sac,  the  allantoic  bladder,  in  which  when 
the  cloaca  is  closed  the  urine  accumulates.  This  oi^n  acquires 
immense  importance  in  the  developement  of  the  higher  animals  and 
is  found  in  no  fish. 

In  the  larva,  which  is  to  all  intents  and  purposes  a  fish,  there  are 
present  those  peculiar  sense-organs  called  mucous  canals,  supplied 
by  the  5th  and  10th  nerves,  but  these  are  usually  lost  in  the  adult. 

Living  Amphibia  are  divided  into  three  well-marked  orders,  viz. 
the  Ukodela,  the  Anura,  and  the  Gyhmophiona. 
The  Urodela  (Or.  oipi,  tail;  S^Xof,  conspicuous) 
have  long  cylindrical  bodies  and  long,  flattened  tails.  The  limbs 
are  short  and  comparatively  feeble,  barely  strong  enough  to  lift 
the  belly  from  the  ground.  Both  pairs  of  limbs  are  about  equal  in 
size.  The  Anuka  (Gr.  Av,  no ;  ovpa,  tail)  have  much  broader  and 
shorter  bodies ;  the  tail  is  totally  lost  and  the  hind-limbs  are  pow- 
erfully developed  and  adapted  for  jumping.  The  Gymnophiona 
(Gr.  yv/ivot,  naked;  o^k,  snake)  have  losl  both  pairs  of  limbs  and 
their  cylindrical  bodies  give  them  a  worm -like  appearance;  their 
habits  heighten  the  resemblance,  since  they  burrow  in  moist  earth. 
They  have  embedded  in  the  skin  small  bony  plates,  relics  of  the 
scales  which  their  fish-like  ancestors  once  possessed.  The  tail  has 
in  these  animals  almost  disappeared. 

In  the  Carboniferous  rocks  the  remains  of  a  large  number  of 
Amphibia  have  been  found  which  have  been  called  Steoocephala 
(Gr.  oriynt,  to  cover;  Kf<t>a\ij,  the  head)  from  the  circumstance  that 
the  head  is  covered  with  a  compact  mosaic  of  membrane-bones 
extending  from  the  mid-dorsat  line  of  the  cranium  outwards  to  the 
lips.  Similar  small  bones  or  scales  are  found  on  the  ventral  surface. 
These  features  were  no  doubt  inherited  from  the  ancestral  Dipnoau 
or  C rosso pterygian  fish,  from  which  Amphibia  are  probably  de- 
scended, and  the  small  scales  of  the  Gymnophiona  are  the  last 
remnants  of  this  armature.  Stegocephala  include  both  long  and 
short^tailed  forms,  and  whilst  some  of  their  descendants — the  Laby 
rinthodonta  —  became  highly  specialised  iu  the  structure  of  their 
teeth  and  died  out  in  the  next  geological  period,  others,  in  all 
probability,  gave  rise  to  modern  Amphibia. 


Returning  to  the  Urodela,  which  are  the  most  primitive  of 
modern  Amphibia,  we  find  that  in  Great  Britain  they  are  represented 
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by  three  Epecies,  all  belonging  to  the  genus  Molge  (Triton)  and 
popularly  known  as  efta  or  newts.  Molge  criMata,  tbe  warty  eft, 
and  Molge  vulgaris,  the  common  eft,  are  found  in  ponds  and  ditches 
all  over  the  country,  but  Molge  palmata  is  much  more  local.  We 
may  select  Molge  criatata,  the  greater  or  warty  eft,  or  crested  newt, 
as  a  type  of  the  anatomy  of  Urodela  (Fig.  231), 


Fio.  23L     Molge  frislala,  tbe  Warly  Efl.    From  Gadow, 
1.   Female.         2.   Male  at  the  breeding  season  with  tbe  frills  well  developed. 

The  animal  is  about  five  or  sis  inches  long,  half  the  length  being 
made  up  of  tJie  tail,  which  has  a  continuous  fringe  of  skin,  the 
median  fin.  This  tin  in  the  male  extends  forwards  to  the  head 
doreally  and  is  greatly  enlarged  in  the  breeding  season,  but  it  is  at 
all  times  devoid  of  fin  rays. 

The  skin  ia  clammy,  owing  to  the  secretion  of  the  dermal  glands : 
it  is  dark  coloured  above  and  yellow  spotted  with  black  below.  The 
opening  of  tbe  cloaca  is  placed  behind  the  hind  legs:  it  is  a  longi- 
tudinally placed  oval  slit  which  in  tbe  male  has  thickened  lips. 

The  fore-limbs  have  only  four  fingers,  the  outermost  correspond- 
ing to  the  human  little  finger  being  wanting,  but  there  are  five  toes 
in  the  hind-limb.  The  animal  when  out  of  water  crawls  feebly 
along,  but  it  swims  actively  in  tbe  water  by  means  of  its  vertically 
flattened  tail.  The  head  ia  flattened  do rso-vent rally  and  of  some- 
what oval  outline,  and  the  gape  is  of  moderate  extent.  The  eyes 
are  of  a  fair  size  and  project  a  little.  The  nostrils  are  very  small 
and  situated  at  the  extreme  front  end  of  the  snout 
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If  the  newt  be  carefully  watched  when  out  of  the  water  the  skin 
of  the  under  side  of  the  head  between  the  two  sides  of  the  lower 
jaw  wilt  be  seen  to  throb  at  regular  intervals,  being  alternately 
puffed  out  and  drawn  in.  It  can  be  further  seen  that  the  nostrils 
are  closed  when  the  skin  is  drawn  in  and  opened  when  it  is  puffed 
out.  These  movements  constitute  the  mechanism  of  breathing  in 
the  newt.  As  in  the  case  of  the  Dipnoi,  each  nasal  sac  communi- 
cates with  the  interior  of  the  mouth  by  an  opening  called  the 
choana  or  internal  naris,  and  the  air  passes  through  this  from 
the  nostril  when  the  cavity  of  the  mouth  is  enlarged.  When  the 
cavity  of  the  mouth  is  compressed  the  nostril  ia  closed  by  a  flap  of 
skin  constituting  a  valve,  and  the  air  is  forced  through  the  open 
glottis  into  the  lung,  whence  it  is  forced  out  again  by  the  elastic 
recoil  when  the  pressure  is  removed. 

If  the  animal  be  laid  on  a  board  with  the  ventral  side  uppermost 
and  skinned,  a  thin  sheet  of  muscles,  the  my  lo-hy  oid,  will  be  seen 
stretching  between  the  two  halves  of  the  lower  jaw.  When  this 
muscle  is  relaxed  the  floor  of  the  mouth  is  arched  upwards  and  the 
under  side  of  the  head  consequently  becomes  concave.  When  the 
muscle  contracts  and  straightens  the  cavity  of  the  mouth  enlarges 
and  air  is  drawn  in.  Above  the  mylo-hyoid  (underneath  from  the 
point  of  view  of  the  dissection)  are  two  longitudinal  muscular 
bands,  and  in  these  are  embedded  the  reduced  remains  of  the 
visceral  arches  to  which  the  gills  of  the  larva  were  attached  (Fig. 
233).  These  muscles  are  called  genio-hyoid  in  front  of  the 
arches,  sterno-hyoid  between  them  and  the  pectoral  girdle,  and 
they  are  continued  backwards  along  the  belly  as  the  straight 
muscles  of  the  abdomen,  the  recti  abdominis. 

These  sterno-hyoid  muscles  can  draw  the  visceral  arches 
downwards  and  backwards  and  probably  assist  the  mylo-hyoid  in 
depressing  the  floor  of  the  mouth.  The  genio-hyoid  muscle  on 
the  contrary  pulls  the  arches  forwards  and  helps  to  restore  them 
and  the  floor  of  the  mouth  with  them  to  their  old  position.  In  this 
action  muscles  called  petro-hyoid,  which  run  from  the  arches  to 
the  middle  line  of  the  back,  also  take  part.  These  muscles  are 
representatives  of  the  levatores  arcuum  of  fish,  and  they  raise 
the  arches  and  consequently  the  floor  of  the  mouth. 

The  glottis  or  opening  into  the  lungs  is  stiffened  at  the  sides  by 
a  pair  of  cartil^es,  which  it  seems  probable  are  the  remains  of  a 
hinder  pair  of  visceral  arches:  and  these  cartilages  have  similar 
raising  muscles  to  those  of  the  arches.     Hence  the  same  muscular 
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action  which  lifts  the  floor  of  the  mouth  opens  the  glottis  and 
admits  air  into  the  lungs. 

The  remaining  muscles  of  the  body  are  not  much  altered  from 
those  of  the  fish.  In  the  tail  and  the  ventral  part  of  the  trunk 
there  are  V-shaped  myotomes,  but  this  arraugement  is  disturbed  in 
the  neighbourhood  of  the  limbs. 

Turning  now  to  the  skeleton  we  find  that  the  vertebrae  are 
proeoelous,  and  bear  stout  transverse  processes  to 
which  are  articulated  short  ribs  (Fig.  230).  The  ribs 
borne  by  the  sacral  vertebra  are  expanded  in  accordance  with  the 
strain  put  on  them  by  the  attachment  of  the  ilium.  In  the  tail  the 
centra  are  composed  of  all  four  pieces,  basi-dorsal,  basi-ventral, 
inter-dorsal,  and  iuter-ventral  (see  p.  378) ;  the  joint  between  two 
vertebrae  passing  through  the  middle  of  the  inter-dorsal  and  inter- 
ventral  pieces.  In  the  trunk  the  only  difference  is  that  the  basi- 
ventral  is  almost  suppressed,  and  the  rib  which  is  the  distal  portion 
of  the  haemal  arch  is  thus  deprived  of  most  of  its  original  support. 
To  compensate  for  this  it  acquires  a  new  attachment  to  the  side  of 
the  neural  arch,  which  is  drawn  out  intoa  transverse  process  to 
meet  it.  This  transverse  process  is  to  be  distinguished  from  the 
similarly  named  outgrowth  in  fish,  which  is  part  of  the  haemal  arch. 
The  proximal  end  of  the  rib  is  called  the  capitulura,  and  its 
original  attachment  to  the  basi-ventral,  which  is  only  the  proximal 
part  of  the  haemal  arch,  is  called  the  capitular  attachment.  The 
facet  with  which  it  joins  the  transverse  process  is  called  the 
tuberculum,  and  this  attachment  the  tubercular  attachment.  If 
the  skeleton  of  one  of  the  larger  Urodela  he  examined  the  ribs  can 
be  seen  to  be  borne  by  braad  outgrowths  from  the  centra.  In  these 
outgrowths  the  tubercular  and  capitular  parts  can  be  distinguished 
as  bars  of  bone  which  are  united  by  a  thin  web  of  bone.  Owing  to 
the  weakness  of  the  basi-ventral  and  its  outgrowths,  the  capitulum 
or  head  of  the  rib  appears  to  extend  furtlier  inwards  towards  the 
centrum  than  the  tuberculum.  The  haemal  arches  of  the  tail  are, 
like  tlie  ribs,  outgrowths  of  the  basi-ventral,  but  they  do  not  exactly 
correspond  to  the  ribs,  for  they  are  placed  nearer  the  middle  line. 

In  the  skull  the  cranium  is  cylindrical,  being  quite  uncom- 
pressed between  the  eyes.  The  bones  of  the  jaws  and  face  are 
widely  arched  outwards,  so  that  the  whole  skull  has  a  flattened 
shajve.  The  nasal  and  auditory  capsules  form  easily  recognisable 
buttresses  projecting  from  the  cranium. 

In  both  the  floor  and  roof  of  the  cartilaginous  cranium  the 
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proper  wall  is  largely  deficient  The  deficiency  of  the  roof  is  the 
anterior  fontanelle,  in  the  floor  the  greatly  enlarged  pituitary  fossa. 
But  these  deficiencies  are  uot  seen  in  the  uninjured  skull,  because 
the  hole  in  the  roof  is  closed  in  by  two  pairs  of  membrane-bones, 
the  front als  and  the  parietal  s,  and  that  in  the  floor  is  underlain 
by  a  broad  paraaphenoid  membrane-bone  (Fig.  232). 


Fio.  232.     A,  dorsal,  B,  ventral,  and  C,  lateral  vien-s  of  the  skull  of  a  Newt, 

Mtitge  crittala  x  2j.     After  Parker. 

The  canjlage  is  dotted,  the  carcila^  bones  are  marked  with  dots  and  daslies, 

the  meinbraDe-bones  are  left  whili;. 
1.    I'lcniaxillA.  2.    Anterior  nares.  3.    Posterior  nares.  4.    Nasal. 

.').  Frontal.  0.  Parietal.  7.  Prefrontal,  8.  Maxilla.  9.  Fused 
vomer  and   palatine.  10.    Paraephenoid.  11.    ()rbiiosi>heiiuid. 

12.  Pterygoid.  13.  .Squamosal.  14.  Pro-otic  region  of  fused  exoceipilal 
and  pro-otic,  IS.    Quadrate.         16,    Quadrate  caililage.         IT.    Ex- 

occipital  region  of   fused  exoccipital   and   pro-otic.  IB.    Articular. 

1».  Articular  cartilage,  •iO.  Dentary.  21,  Splenial.  'H.  Middle 
narial  passage,  a  cleft  In  the  carLilai^e  of  the  snout  filled  with  coiineclivH- 
tissue.         II,  V.  VII.  IX,  X,    Foramina  for  the  exit  of  crania)  nerves. 


Only  at  its  extreme  front  and  hind  ends  is  the  wall  of  the  cranium 
converted  into  cartilage- bone,  In  front  there  is  on  each  side  an 
orbitosphenoid  Iwiie,  in  the  side  wall,  extending  into  the  roof 
and  floor  and  ossifying  also  the  hind  wall  of  the  nasal  sac;  behind, 
two  exoccipital  bones  are  placed  at  the  sides  of  the  foramen 
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magnum,  which  they  nearly  encircle  (Fig.  232).  These  bones  bear 
the  two  condyles,  so  characteristic  of  Amphibia,  for  articulation 
with  the  vertebral  column. 

The  first  viscera!  arch,  which  constitutes  the  cartilaginous  jaws, 
remains  entirely  cartilaginous.    It  consists  of  an  upper  part  immove- 
ably  attached  to  the  skull,  corresponding  to  the  ptery  go-quad  rate 
bar  or  upper  jaw  of  Fish,  and  a  lower  part,  Meckel's  cartilage, 
forming   the  basis  of  the  lower  jaw.      It  will  thus  be  seen  that 
Amphibia,  like  Holocephali  and  Dipnoi,  are  auto  sty  lie.    The  same 
is  true  of  all  the  higher  groups  of  the  Craniata.    The  upper  jaw 
consists  of  two  regions,  the  auspensorium  which  is  fused  with  the 
skull  and  to  which  the  lower  jaw  is  attached,  and  the  pterygoid 
process,  a  spur  of  cai-tilage  which  runs 
forward    towards    the    oaaal    capsule. 
Both  suspensorium  and  the  articular 
end  of  Meckel's  cartilage  ai-e  slightly 
calcified.    They  are  denominated  quad- 
rate and  articular  in  Fig.  232,  but  there 
is  no  true  bone  present  in  either  case. 
The  front  of  the  auditory  capsule  is 
ossified  by  a  large  bone,  the  pro-otic, 
Fio.  233.    Visceral  arcbes  of      which  in  fully  adult  specimens  becomes 
Holge crUtata.  TheoBsified      confluent  with  the  exoccipiUl.      The 

s.'?„Sg:'if;L""Ff.i  i-m™  ™»"«i  "c^^es  i- «,.  ^m  .„ 

I'arker.  present  in  a  very  degenerate  condition. 

'■  iiirsJi.  ,^.S"d  T"""' «'  a™ "»»» v's-  -'33). 

branchicilarcli.    8.  Copula,  It  is  usual  to  Speak  of  the  binder 

i;*;,-''Lnt^'r-  I'lZhtT       visceral  arches  of  Amphibia  and  higher 
nectmgsuccesaive  arches.  "^  " 

Vertebrataas  the  hyoid  apparatus, 
or  simply  as  the  hyoid,  The  name  suggests  a  misleading  com- 
parison with  the  second  visceral  arch  of  Fish ;  it  is  distinctly  to  be 
remembered  that  the  hyoid  bone  of  even  Man  contains  more  than 
this  second  arch;  a  good  definition  of  the  hyoid  of  Amphibia  and 
higher  animals  would  be  "the  degenerate  remains  of  the  hinder 
viscei-al  arches." 

Turning  now  to  the  membrane-bones  of  the  skull,  we  find  tliat  it 
is  roofed  by  three  pairs,  viz.  the  nasals,  frontals,  and  parietal s. 
The  nasals  of  course  roof  in  tlie  nasal  sacs.  In  the  palate  there  is 
one  median  bone,  the  parasphenoid,  and  three  pairs  of  lateral 
bones,  viz.  the  vomers  in  front  of  the  posterior  nares,  the 
palatines  fused  with  them  and  running  along  the  edges  of  the 
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paraspbenoid,  and  lastly  the  pterygoids  underlying  the  ptery- 
goid process.  Some  of  these  bones  are  actually  built  up  by  the 
fusion  of  the  bases  of  minute  conical  teeth  in  the  larva.  The 
vomers  and  palatines  retain  their  teeth  in  the  adult,  wliilst  the 
paraspbenoid  loses  them. 

The  upper  lip  haa  tooth-  A  _ 

bearing  pre-maxillary  and 
inaxiliary  bones  developed, 
the  lower  haa  a  dentary  on 
the  outside  of  Meckel's  car- 
tilage and  a  splenial  on  the 
inner.  Aliove  the  maxilla  there  i 
is  a  small  pre-frontal  bone. 

If  we  examine  the  skele-  i 
ton  of  the  limbs  we  find  that 
the  pectoral  girdle  consists  of 
two  plates  of  cartilage,  which 
slightly  overlap  in  the  mid- 
ventral  tine.  The  lower  half 
of  each  is  forked,  the  forks  be- 
ing called  preooracoid  and 
coracoid,  respectively.  The 
centre  of  each  half  of  the  gir- 
dle has  a  hollow  termed  the 
glenoid  cavity  for  the  articu- 
lation of  the  arm,  All  around 
the  glenoid  cavity  the  girdle 
is  converted  into  bone;  there 
is  a  bone  termed  the  scapula 
aliove,  and  a  coracoid  bone 
below.  The  unossified  part 
of  the  coracoid  is  simply 
termed  the  coracoid  carti- 
lage. The  upper  part  of  the 
girdle  dorsal  to  the  scapular 
bone  is  called  the  supra- 
scaputa.  It  remains  caitilaginous,  but  is  often  calcified.  The 
two  corsicoids  are  fastened  behind  to  a  small  median  cartilage  called 
the  sternum.     The  meaning  of  this  is  discussed  later. 

The  manus  has  only  four  fingers,  the  little  finger  and  the  cor- 
responding small  bone  in  the  wrist  or  carpus  having  disappeared 


Fio.  234.    A,  ventral,  and  B,  lateral 

view  of  tlie  shoulder  girdle  and  Eter- 
DUin  o(  an  old  male  Cri;ste(l  Newt, 
Motge  eriiCaia  x  3.  After  I'arker. 
1.  Scapula-  2.  Supra-Bcapula.  3.  Cora- 
coid. 4.  Glenoid  cavity.  6.  Fre- 
coracoid.      6.    Slernum. 
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^  ^  and  the  iilDare  and  intermedium  being 

fused.  Otherwise  the  limb  corresponds 
to  the  scheme  given  in  the  beginning 
of  the  chapter. 

The  pelvic  girdle  on  each  side  is 
firmly  joined  to  the  rib  of  the  sacral 
vertebra,  and  the  two  halves  meet  in 
the  mid-ventral  line.  The  upper  part 
of  the  girdle  above  the  cavity  for 
articulatiou  of  the  thigh  is  a  bone, 
the  ilium;  below  this  cavity,  which 
is  termed  the  acetabulum,  there  is  a 
so^^alled  "ischiopubic"  cartilage, 
in  the  hinder  part  of  which  a  small 
bone,  the  ischium,  is  developed.  In 
the  mid-ventral  line,  in  front  of  the 
union  of  the  two  halves  of  the  pelvic 
girdle,  there  is  a  forked  piece  of  carti- 
lage, the  epipubis  (Fig.23C).  Inthe 
pes  the  only  departure  from  the  typical 
ai'rangement  is  the  fusion  of  the  tarsalia 
4  and  5. 

If  the  muscles  be  carefully  cut 
through  in  the  middle  line 
and  reflected,  the  body  cav- 
ity and  the  organs  contained  therein  will  be  exposed.  In  general 
the  difference  from  the  arrangement  of  the  organs  in  a  dogfish  is 
only  in  the  relative  size  of  the  organs, 
in  a  word,  in  details, 

The  alimentary  canal  is  thrown 
into  a  number  of  loops.  The  oeso- 
phagus is  not  in  any  way  sharply 
marked  off  from  the  stomach,  and 
the  latter  is  nearly  straight,  extend- 
ing only  a  short  way  round  the  bend 
of  the  first  loop.  There  is  a  well- 
marked  large  intestine  or  rectum, 
ventral  to  which  lies  the  bladder.  The 
spleeu  is  an  oval  red  body  lying  at 
the  side  of  the  stomach  attached  to 
the    mesentery.      The   ducts    of   the 


Fio.  23S.  A,  right  anMbra- 
cbium  and  maDiiaof  a  larval 
Salamander,  Salamarulra 
mnculora.  After  Gegenbaur. 

B,  Right  tarsus  and  adjoin- 
mg  bones  of  Molge  sp. 
After  Gegenbaur. 

1.  Radius.  2.  Ulna.  3.  Ra- 
diale.  4.  Intermedium. 

5.  Ulnare.  6.  Centrale. 
T.  Carpale  2.     8.  Carpaie  3. 

0.  Carpaie  i.  10.  Carpaie 
e.  11.  Tibia.  12.  Fihuia. 
\Z.  Tibiale.  14.  Interme- 
dium. 16.  Fibuiare. 
18.  Centrale.  17.  Tarsalel. 
18.  Tanialla  4  and  5  fused. 

1.  II.  III.  IV.  V.  Digits. 


Fia.23e.  PeMcjciiitte  of  Molge 
cristnta  from  btlow  x  4. 

1.  Hre-pubic  procesH.  2.  Ischio- 
pubic cartilage.  3.  Iliimi. 
4.  Licbium. 
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pancreas  and  liver  coalesce  into  a  common  stem  before  opening  into 
the  intestine. 

The  newt  feeds  on  small  worma  and  aquatic  insects,  which  it 


'lo.  237.     A  male  Molge  r^riMnla  cut  open  bo  as  to  expose  the  Internal  organs, 

about  natural  size, 
.   Mylo-lij'oid  muscle  with  genio-hyoid  underneath.  2.    Conua  arterioEUs. 

3.    Ventricle,  4.    Auricle.         5.   Sinus  venosuB.         (I.   Carotid  arch. 

7.   Syateniioarcb.       8.    Pulmonary  artery.       9.   Anterior  vena  cava  otlcft 

aide.        10.   Coracoida  pulled  outwards.        U.   Liver.        12.   Gall-bladder. 

13.   Lun^.       14.   Spleen.       iri.   Stoniacli.       16.  Intestine.       17.   Rectum. 

18.  Allantoic  bladder.        ly.  Fat-body.       20.  Testes,        21.  Anterior. 

abdominal  vein,  displaced.        22.   Kiiluey  with  duct.     23.  Pancreas. 
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seizes  with  its  jaws.  Both  upper  and  lower  jaws  are  armed  with 
minute  teeth,  and  there  are  in  addition  two  longitudinal  rows  of 
teeth  on  the  roof  of  the  mouth  borne  by  the  conjoined  vomer  and 
palatine  on  each  side.  The  function  of  these  teeth  is  not  so  much 
to  cnish  as  to  retain  a  hold  of  the  prey,  which  is  swallowed  whole. 
The  tongue  is  a  circular  cushion  on  the  floor  of  the  mouth, 
supported  by  the  second  visceral  ai-ch.  Its  hinder  edge  is  partially 
free.  The  lungs  are  long,  narrow,  smooth-walled,  tul)e-like  sacs, 
attached  to  the  liver  and  other  organs  at  their  base,  but  their  tips 
float  freely  in  the  body  cavity. 

The  heart  lies  far  forward,  between  the  roots  of  the  lungs, 
VMcuiar  enclosed  in  the  pericardium.  Externally  all  the  four 
syitcm.  divisions  cf  the  piscine  heart  are  visible,  viz.  sinus 
venosus,  atrium,  ventricle,  conus.  The  venous  system  is  essentially 
that  of  the  Dogfish,  only  the  veins  are  indicated  by  names 
borrowed  from  human  anatomy.  Thus  the  blood  from  the  head  is 
returned  by  two  internal  jugular  veins,  representing  the  anterior 
cardinals  of  the  fish.  These  are  joined  by  external  jugulars 
from  the  superficial  part  of  the  throat  and  face,  corresponding  to 
the  sub-branchial  veins  and  by  a  subclavian  vein  from  each  arm. 
The  common  truuk  formed  by  the  union  of  all  three  is,  of  course, 
the  Ductus  Cuvieri,  but  it  is  called  the  superior  vena  cava,  and 
it  receives  on  each  side  close  to  the  middle  line  a  posterior  cardinal 
vein.  As  in  fish,  this  vein  in  its  course  feters  through  the  kidney, 
and  along  the  outer  edge  of  the  kidney  its  posterior  portion,  the 
renal  portal,  may  be  made  out.  The  two  renal  portals  when  fol- 
lowed further  back  are  found  to  coalesce  in  the  caudal  vein  which 
returns  the  blood  from  the  tail:  each  receives  a  sciatic  vein  from 
the  dorsal  side  of  the  leg  joined  by  a  femoral  from  the  ventral 
surface  of  the  limb. 

The  increased  importance  of  the  hind-limb  has  brought  with  it 
this  increase  in  the  vessels  draining  it,  which  is  represented  only 
by  the  small  pelvic  vein  in  fish. 

There  are  certain  vessels,  however,  unrepresented  in  any  fish 
except  the  Dipnoi.  These  are:  first,  the  pulmonary  veins, 
which  receive  the  blood  from  the  lungs  and  open  directly  into  the 
left  side  of  the  atrium,  which  is  separated  from  the  rest  by  a  septum 
and  constitutes  the  left  auricle;  secondly,  the  inferior  vena 
cava,  a  large  trunk  situated  in  the  median  dorsal  line  just  beneath 
the  aorta,  which  receives  most  of  the  blood  that  has  traversed  the 
kidneys  and  conveys  it  into  the  sinus  venosus  just  between  the 
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openiugs  of  the  two  superior  venae  cavae.  The  inferior  cava 
coalesces  with  the  hepatic  veins  returning  blood  from  the  liver: 
these  thus  lose  their  independent  openings  into  the  sinus  venosus 
which  they  had  in  the  Dogfish.  In  its  hindermost  portion  between 
the  kidneys  the  vena  cava  joins  the  posterior  cardinal. 

So  far  the  peculiarities  of  the 
Newt  are  shared  by  the  Dipnoi; 
but  there  remain  two  veins  highly 
characteristic  of  Amphibia.  The 
musculo-cutaneous  vein  re- 
ceives blood  from  the  akin  and 
pours  it  into  the  subclavian ;  we 
have  already  seen  that  the  skin 
is  a  very  important  breathing 
oi^an,  and  this  vein  returns  the 
blood,  which  has  been  oxygenated 
in  the  skin,  to  the  heart.  The 
anterior  abdominal  vein 
arises  on  the  ventral  side  of  the 
body  near  the  cloaca  from  the 
union  of  two  forks  given  off  by 
the  femoral  veins;  it  runs  for- 
ward in  the  mid-ventral  line, 
eventually  joining  branches  of 
the  portal  vein  and  entering  the  ^'^^^„f  ?h=^r", 
liver.    This  vein  is  found  also  in 


the  lower  Reptiles,  and  in  the    i.  Sinuave 


sbow  arraoge- 
ment  of  tbe  principal  veioii  of  an 
Urodale. 


s,  gradually  dianppear- 


embryos  of  Mammalia,  where  it 
is  of  the  utmost  importance  in 
both  nutrition  and  respiration. 

When  the  veins  are  cut  away 
it  is  possible  to  follow  out  the 
arteries.  There  is  no  ventral 
aorta,  since  on  each  side  three 
arterial  arches  arise  in  a  bunch 
from  the  front  end  of  the  tubular  conus.  The  first  of  these 
arches  is  called  the  carotid  arch,  and  {as  in  Dipnoi)  it  no  longer 
opens  into  the  dorsal  aorta,  but  after  giving  off  a  lingual  artery 
which  supplies  the  ventral  side  of  the  throat,  it  passes  up  round 
the  gullet,  to  which  it  gives  some  twigs,  and  continuing  as  the 
comnion  carotid  supplies  the  upper  part  of  the  head  and  the 


ingin thebigherfoniiB.  2.  Ductus 
Cuvleri  =  Huperior  vena  cava,  3,  In- 
terual  jugular  =  anWrior  cardinal 
sinus.  4.   Exiemal    jnjfular  = 

Bub-branchlai.  5.    Subclavian. 

6.  Posterior   cardinal,   front  part. 

7.  Inferior  vena  cava.  S.  Rf  Dal 
portal  =  hinder  pan  of  posterior  car- 
dinal, 0.  Caudal.  10.  Sciatic. 
11.  Femoral.  12.  Anterior  ab- 
dominal. 
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brain.  Just  after  giving  off  the  lingual  artery,  the  arch  swells 
up  into  a  little  knot,  called  the  carotid  gland.  In  this  structure 
the  channel  of  the  artery  is  broken  up  into  a  network  of  fine 
passages  and  its  function  is  believed  to  be  that  of  holding  back  the 
blood  from  entering  the  head  until,  at  the  close  of  the  contraction 
of  the  ventricle,  the  blood  has  returned  from  the  lungs.  The  second 
arch  supplies  most  of  the  blood  to  the  ivjot  of  the  dorsal  aorta, 
and  on  this  account  is  called  the  systemic  arch,  The  hinder- 
most  two  pairs  of  arches  unite 
on  each  side  into  one  trunk, 
which  passing  round  the  gul- 
let joins  the  root  of  the  dorsal 
aorta.  From  the  hinderuiost 
arch  is  given  off  the  pnlnio- 
nary  arteiy  which  supplies 
the  lung.  On  this  account  it 
is  termed  the  pulmonary 
arch.  Whei-e  the  two  roots 
of  the  aorta  join,  a  large 
branch  is  given  off  on  either 
side  to  the  other  bi-eathing 
organ,  the  skin,  which  is 
known  as  the  cutaneous 
artery.  In  the  larva  of  Molge 
there  are  on  each  side  four 
arterial  arches,  of  which  the 
third  disappears  whilst  the 
fourth  persists  as  the  appar- 
ent third  in  the  adult  In  the 
allied  genus  Salamandra  all 
four  arches  persist 
It  is  comparatively  easy  to  uncover  the  brain  and  spinal  cord 
of  the  newt  owing  to  the  thinness  of  the  bones  which 
cover  them.  The  cerebral  hemispheres  are  long  and 
cylindrical,  and  devoid  of  any  other  connection  with 
one  another  than  that  by  way  of  the  thalamencephalon ;  through 
the  thin  roof  of  the  latter  two  thickenings  in  its  floor,  the  optic 
thalami,  can  be  clearly  seen.  The  mid-brain  is  a  simple  .smooth 
vesicle,  and  the  cerebellum  is  a  slight  inconspicuous  transverse 
band  (Fig.  241), 

The  word  olfactoiy  lobe  is  in  Amphibia  and  higher  animals 


Fio.  2^0.  Diagram  of  arterial  arch  of 
Molge  viewed  from  the  venlral  aspect 

I.   First  arterial  arch.  II.   Second 

arterial  arct).  III.  Third  arterial  arch. 
IV.  Fourth  arterial  arch.  IS.  Pul- 
monary artery.         16.   Dorsai  ai 
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generally  used  in  a  different  sense  from  that  in  which  it  is  used  in 
the  case  of  Fish.  In  the  latter  case  a  stalk  arises  from  the  extreme 
anterior  end  of  the  hemisphere,  which  swells  out  into  a  rounded 
mass,  the  olfactory  lobe,  which  is  in  immediate  contact  with  the 
nasal  sac.  In  Amphibia  a  simitar 
stalk  is  given  off  from  the  fore- 
brain  but  it  does  not  swell  into 
a  bulb;  on  the  contrary,  it  gives 
off  a  brush  of  nerves  to  the  nasal 
sac.  The  term  olfactory  lobe  is 
applied  in  the  Amphibia  to  denote 
the  extreme  anterior  end  of  the  cere- 
bral hemisphere,  which  is  marked 
off  by  a  slight  groove  fi-om  the  rest. 

The  course  of  the  cranial  nerves 
is  substantially  the  same  as  iu  the 
Dogfish;  owing,  however,  to  the 
loss  of  the  gills  and  the  mucous 
canals  in  the  adult,  the  branches 
are  simplified.  The  9th  or  glosso- 
pharyngeal, as  its  name  implies, 
is  distributed  to  the  pharynx  and 
tongue.  The  vagus  supplies  the 
larynx  and  glottis,  but  its  main 
stem  runs  on  to  the  heart  and 
stomach. 

The  first  spinal  nerve  comes 
out  from  behind  the  iirst  vertebra 
and  is  called  the  hypoglossal ;  it 
runs  directly  to  the  respiratory 
muscle,  the  mylo-hyoid,  crossing 
the  vagus  and  glossophaiyngeal  in 
its  course.  At  the  sides  of  the 
dorsal  aorta  the  two  chains  of 
sympathetic  ganglia  can  be  made 
out,  connected  by  cross  branches 
with  the  spinal  nerves. 

To  turn  now  to  the  excretory  system,  the  kidney  can  be  seen 
urino-Bmi-  whcn  the  alimentary  canal  is  removed.  It  is  a  long 
"'  "'■•"'-  narrow  strip  on  each  side  adjacent  to  the  aorta.  In 
front  it  tapers  to  the  merest  thread,  but  behind,  close  to  the  cloaca, 


1,  Olfactory  nerves,  repreaenting 
the  olfactory  lobes  of  the  Dog- 
fiBh.  2.    <.>lfiu;tory    lobes. 

3.  Cerebral  hemUpliere.  4. 
Thin  roof  of  thalamencephalon, 
6.  Optic  thalaml.  0.  Pineal 
body.  7.  Mid-brain.  8.  Cere- 
bellum. {I.  Medulla  oblongaia. 
From  Burckhardt. 


2k 


^aovGoOt^lc 


418  URODBLJ 

it  thickens  somewhat  Along  its 
outer  ec^  runs  the  archinephrie 
duet,  and  external  to  the  archi- 
nephrie duct  is  situated,  the  long 
oviduct. 

The  tubules  which  compose  the 
kidney  retain  throughout  life  the 
ciliated  openings  into  the  body 
cavity,  aud  if  the  narrow  part  of 
the  kidney  be  cut  off  aud  mounted 
in  a  little  salt  solution  it  is  possible, 
at  least  in  small  specimena,  under 
a  low  power  of  the  microscope,  to 
see  the  funnels  and  to  observe 
the  whirlpools  due  to  the  currents 
produced  by  their  cilia. 

The  genital  gland  in  both  sexes 
is  represented  by  a  pair  of  ridges 
suspended  to  the  inner  edges  of 
the  front  parts  of  the  kidney  by 
slings  of  peritoneum  similar  to  the 
mesentery  suspending  the  gut,  and 
on  this  account  called  mesenteries. 
In  the  female  the  oviduct  opens 
by  a  ciliated  funnel  adjoining  the 
root  of  the  lung.  The  funnel 
leads  into  a  long  convoluted  tube 
running  back  to  open  into  the 
cloaca.  The  testis,  which  takes  the 
form  of  two  conical  bodies  with 
their  broad  ends  apposed,  or  some- 
times a  row  of  three  rounded  lobes, 
communicates  by  a  number  of  vasa 
efferentia  with  the  anterior  part  of 
the  kidney,  which  is  on  this  account 
termed  the  sexual  portion  or  m  eso- 
nephros.  In  the  male  the  kidney 
tubules  belonging  to  the  hinder 
larger  non-sexual  portion,  or  meta- 
nephros,  are  split  off  from  the 
archinephrie  duct  and  unite  into  an 


[OHAP. 


1,  Ovary.  2.  Remnani  of  vasa 
effereDtia.  S.  Kemnaiit  of 
longitudinal  canal  connecting 
the  vasa  efCerentia.  4.  Sexual 
portion  of  kidney.  fi.  Archi- 
iiepliric  duct  6.  Oviduct. 
T.  Posterior  non-sexual  portion 
of  kidney.  8.  Opening  of  archt. 
nephric  duct.  11.  Internal 
opening  of  oviduct.  12.  Sus- 
pensory ligament.  13.  Ex- 
ternal opening  of  oviduct. 

exceedingly  short  common 
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trunlc,  the  ureter,  irhich  has 
an  independent  opening  into 
the  cloaca. 

It  haa  been  stated  above 
that  the  genital  glands  are 
a  pair  of  ridges.  In  the 
larva  the  inner  portions  of 
the  ridges  degenerate,  the 
cells  becoming  largely  con- 
verted into  fat-bodies.  In 
the  adult  these  fat-hod  ies 
appear  running  parallel  to  the 
genital  organs  on  the  inner 
side.  They  serve  as  a  store 
of  nourishment  for  the  eggs 
which  develope  during  the 
winter-sleep.  The  Newt,  like 
other  Amphibia,  passes  the 
winter  buried  in  the  mud  at 
the  bottom  of  ponds  and  takes 
no  food.  The  conversion  of 
some  of  the  possible  eggs  into 
fat  to  feed  the  rest  is  simply 
an  example  of  the  same  prin- 
ciple as  the  sacrifice  of  some 
of  the  dogs  in  an  Arctic  expe- 
■dition  to  feed  the  rest, 
\  ~  The  developement  of  Molge 

is  interesting.     The 

male  emits  the  sper- 
matozoa in  a  bundle  which  the 
female  then  introduces  into 
her  cloaca,  and  the  eggs  com- 
mence their  developement  in 
the  body  of  the  mother.  Soon 
afterwards  they  are  laid  and 
attached  to  water  plants. 
After  some  time  larvae  are 
hatched  out  which  in  many  respects  resemble  fish.  They  are 
provided  with  three  long  feathery  appendages  on  each  side  of  the 
Deck,  in  which  there  is  an  active  cii-culation,  and  rich  blood  supply. 


Fio.  242.  Urino-genital  on^is  of  a  male 
Molge  criatata  x  about  ii. 

1.  TestCB.  2.  Vasft  efferentia.  3.  Longi- 
tudinal canaJ  connecting  the  vaniL  effe- 
rentia.  4.  Sexual  portion  of  kidney 
Hbowing  nephrostomes.  G.  Wolffian 
duct.  (J.  Rudimentary  ovirtuci.  7.  Non- 
sexual  portion  oE  kidney.  8.  External 
opening  of  the  archinephric  dnct  which 
bas  received  the  ureter,  tl.  Made  up  of 
a  number  of  ducts  from  the  posterior 
part  of  the  kidney.     10.   Fat-body. 
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These  are  the  external  gills  found  only  in  Amphibia,  Dipnoi,  and  in 
PolyiHerus.  There  is  also  a  pair  of  curious  rod-like  organs  id  front 
of  the  gills  attached  to  the  sides  of  the  head.  These  "  balancers," 
as  they  are  termed,  are  jKissibly  a  first  pair  of  external  gills  peculiarly 
modified.  They  have  mucous  cells  at  the  tip,  and  by  means  of 
them  the  young  larva  suspends  itself  for  hours  at  a  time  to  plants. 
There  is  a  long  fish-like  tail,  the  organ  of  locomotion,  with  a  fringed 
tin.  The  fore-limbs  are  tiny  buds.  So  trace  of  hind-limbs  is 
apparent  and  the  gill-slits  are  not  open. 

As  developement  proceeds  the  fore-limbs  make  their  appearance 
provided  with  only  two  toes.  The  gill-clefts,  three  in  number, 
appear  on  each  side.  After  a  considerable  time  the  third  finger 
appears  and  the  hind  legs  sprout  out  as  buds ;  still  later  the  fore- 
limbs  get  all  four  fingers  and  the  hind-limbs  five.  The  animal  has 
now  attained  the  appearance  of  the  adult  except  in  so  far  as  the 
gills  are  concerned.  These  are  retained  for  a  long  time,  and  excep- 
tionally, in  Switzerland  in  high  Alpine  localities,  the  larva  may 


After  Rusconi.     Sliowiag 


become  sexually  ripe  and  never  leave  the  water.  More  usually  with 
the  closing  of  the  gill-slits  and  the  shrivelling  of  the  external  gills 
the  adult  state  is  attained. 

The  Urodela  have  l>een  variously  divided,  but  on  the  whole  the 
best  classification  is  that  of  Huxley,  who  divided  them 
into  the  Icthyoidea  and  the  Sat.amaxdroidea.  The 
IcTHYOiDEA  are  animals  which  retain  throughout  life  gill-slits  or 
external  gills  or  both.  Invariably  the  limbs  are  reduced  in  size, 
the  animals  rarely  if  ever  leaving  the  water.  In  one  case  the 
hind-limbs  have  totally  disappeared. 

North  America  is  the  great  head-quarters  of  the  Icthyoidea. 
Meiiopoma  (Cryplohranc/tus)  retains  one  gill-slit  throughout  life. 
This  animal  attains  a  length  of  IS  inches.     It  is  fairly  common  on 
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the  Mississippi  and  its  tributaries.  An  allied  species  found  in 
Japan,  and  attaining  a  length  of  two  feet,  is  the  largest  living 
Amphibian. 

Amphiuma  is  a  snake-like  animal  about  18  inches  long,  with 
one  gill-slit.  It  is  found  in  the  same  region  as  Meiwpoma.  The 
limbs  are  exceedingly  rudimentary,  each  having  only  two  toes, 

yectitraa,  the  Mud-puppy,  has  small  but  well-developed  limbs. 
It  retains  throughout  life  two  gill-slits  and  three  external  gills 
on  each  side,  Necturus  is  abundant  in  the  shallows  of  the  St. 
Lawrence,  wriggling  in  and  out  around  the  roots  of  aquatic  plants. 
A  somewhat  similar  animal,  Proteus,  with  more  rudimentary  limbs, 
is  found  inhabiting  the  limestone  caverns  of  Carniola  in  Austria, 
Lastly,  there  is  the  aberrant  Siren,  which  has  a  horny  beak  en- 
sheathing  the  premaxilla  and  dentary;  it  has  no  hind-limbs,  but 
is  similar  to  Neclurus  in  its  gills ;  it  is  found  inhabiting  the 
swamps  of  the  Southern  United  States. 

Since  the  Icthyoidea  possess  both  gills  and  lungs  it  is  tempting 
at  first  sight  to  regard  them  as  the  little  modified  descendants  of 
an  animal  just  making  the  transition  from  water-breathing  to  air- 
breathing  life.  There  are  however  insuperable  difficulties  in  the 
way  of  such  an  explanation.  If  we  turn  to  other  groups  of  the 
animal  kingdom  we  Und  that  the  lirst  step  in  fitting  an  animal  for  a 
land  life  is  the  covering  up  of  the  respiratory  organ  so  as  to  protect 
it  against  drying  up.  But  in  hardly  any  fish  are  the  respiratory 
organs  so  exposed  as  in  Necturus,  Proteus,  and  Siren. 

Further,  it  was  pointed  out  that  the  great  gap  between  fish  and 
Amphibia  is  to  be  found  in  the  structure  of  the  limb.  But  the 
Icthyoidea  do  not  in  any  way  assist  in  bridging  the  gap.  On  the 
contrary  their  limbs  are  obviously  degenerating,  a  fact  which  seems 
to  show  that  the  aquatic  life  has  been  re-acqnired.  Now  when  the 
similarity  between  say  Necturus  and  the  late  larva  of  Molge  is 
borne  in  mind,  and  the  further  fact  that  these  larvae  may  abnor- 
mally become  sexually  ripe,  the  conclusion  is  irresistibly  suggested 
that  the  Icthyoidea  ar£  larvae  in  which  the  adult  stage  has  been 
suppressed.  In  the  case  of  one  large  American  newt,  Amblystoma 
mexiennum,  the  Idrvae  regularly  breed  under  certain  circumstances 
and  were  at  one  time  supposed  to  be  a  distinct  genus^called  Siredon. 

The  second  division  of  Urodela,  the  Sai.amandkoidea.  are  in 
general  very  similar  to  Molge,  both  in  appearance  and  anatomy 
ai)d  size. 

As  in  Icthyoidea,  so  likewise  North  America  is  very  rich  in 
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Salamandroidea.  Theae  have  been  divided  into  familiea  on  grounds 
of  differences  in  the  skeleton  which  have  tittle  effect  on  the  external 
appearance.    The  most  abundant  family  is  the  Amblystomatidae 

represented  by  the  genua  Amblystoma  of  which  there  are  many 
species,  nine  being  found  in  the  Eastern  States  and  Canada.  The 
members  of  this  family  are  distinguished  by  having  the  palatine 
bones  directed  transversely,  so  that  the  vomero-palatiue  rows  of 
teeth  run  across  the  roof  of  the  mouth  instead  of  along  it,  and  by 
having  amphicoelous  vertebrae,  Molge  (Diemyctilua)  virideacens  is 
the  common  Water-Xewt  of  Lower  Canada.  It  is  a  member  of  the 
same  genus  as  the  English  Kewt  which  has  been  selected  for  detailed 
description,  but  unlike  the  English  congener  the  American  species 
does  not  develope  a  crest  in  the  breeding  season.  These  Newts  are 
representatives  of  the  family  Salamandridae,  distinguished  bj 
having  the  vomero-palatine  teeth  in  a  longitudinal  row,  and  by  pos- 
sessing o  pi  sthocoelous  vertebrae.  The  family  Desmoonathidae  are 
closely  allied  to  the  Amblystomatidae,  but  differ  from  the  latter 
in  possessing  a  cluster  of  teeth  on  the  parasphenoid  in  addition 
to  the  transverse  row  of  vomero-palatine  teeth,  and  in  having 
opisthocoelous  vertebrae.  The  si>eciea  of  this  family  are  com- 
mon Water-Newts  in  the  Eastern  United  States.  DeitmogncUhua 
nigra,  the  black  "Salamander,"  occurs  near  Montreal.  The  family 
Plethodontidae  includes  the  American  Cave-  and  Land-Newts 
which  rarely  enter  water  but  wriggle  about  actively  on  land.  These 
Newts  resemble  the  I>esm(^nathidae  in  their  teeth,  but  differ  in 
possessing  amphicoelous  vertebrae.  Althoiigh  the  most  terrestrial 
in  their  habits  of  the  New-world  Urodela,  these  animals  have 
undergone  an  extraordinary  modification  in  their  respiratory  system. 
The  lungs  have  totally  disappeared,  and  the  septum  between  the 
auricles  has  become  absorbed :  and  the  animals  depend  for  their 
oxygen  entirely  on  their  skin  and  the  lining  of  the  pharynx,  the 
walls  of  which  still  execute  active  respiratory  movements.  This 
curious  association  of  terrestrial  habits  with  the  absence  of  lungs 
suggests  the  idea  that  the  luug  in  such  Urodela  as  retain  it  may  be 
chiefly  used  as  a  hydrostatic  organ  like  the  air-bladder  of  fish,  for 
were  it  of  prime  importance  as  a  respiratory  organ  it  would  be  diffi- 
cult to  explain  its  disappearance  in  terrestrial  forms.  Spelerpea 
includes  the  Cave-Newts,  of  which  there  are  twenty  species  in 
America  and  one  isolated  species  in  Italy.  In  these  animals  the 
tongue  is  long  and  not  adherent  to  the  floor  of  the  mouth.  It  can 
be  suddenly  protruded,  and  is  used  to  catch  insects  in  the  same 
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way  as  the  tongue  of  the  Anura.  This  is  an  exceptional  occurrence 
amongst  Urodela,  most  of  which  seize  their  prey  with  the  jaws. 
PUthodoii  erylhrortotus  has  a  normal  tongue.  This  is  the  common 
Land-Newt  in  the  neighbourhood  of  Montreal,  being  found  under 
old  logs  and  in  other  damp  situations. 


II.  ANURA 

The  Anura  or  Batrachia  are  at  once  recognised  by  their  broad, 
flattened,  tailless  bodies  and  their  powerful  hind-limbs. 
These  limbs  are  not  only  efficient  in  jumping  but  also 
in  swimming,  and  the  toes  are  connected  with  one  another  by  a  tliin 
web  of  skin  in  order  to  aid  them  in  performing  this  function.  The 
toes  are  stretched  apart  in  the  back  stroke  to  present  a  large  surface 
to  the  water,  in  the  forward  stroke  they  are  folded  together  and 
offer  little  resistance. 

Anura  are  much  more  abundant  than  Ui'odela  and  are  found  all 
over  the  world,  whereas  the  Urodela  are  restricted  to  the  Northern 
hemisphere.  They  are  in  fact  the  dominant  Amphibia  of  the  present 
day,  but  they  are  highly  specialized,  and  the  Urodela  give  a  much 
better  idea  of  the  relation  of  the  Amphibia  to  the  Fish  on  one  hand 
and  the  Reptiles  on  the  other,  for  which  reason  Motge  was  selected 
as  the  type. 

Besides  the  absence  of  a  tail,  the  powerful  character  of  the 
hind-limbs  and  the  differences  in  the  skeleton  connected  therewith, 
Anura  differ  from  Urodela  in  the  skull  and  jaws,  in  the  pectoral 
girdle,  in  the  heart  and  lungs,  and  in  the  kidneys,  genital  organs, 
and  developeraent. 

Two  genera  and  four  species  of  Anura  occur  in  the  British  Isles. 
Rana  temporaria,  the  common  frog,  and  Jt.  eaculetita,  the  edible 
Itq^  (the  last  named  is  thought  by  some  not  to  be  indigenous  but 
to  have  been  introduced),  represent  the  family  Raxioae,  whilst  the 
BuFo.fiDAE  or  toads  are  represented  by  Bufo  vulgaris,  the  common 
toad,  and  by  B.  calamila,  the  Natterjack,  which  occurs  in  numbers 
in  certain  restricted  localities,  as  a  rule  with  a  sandy  soil. 

As  the  Common  Frog,  Rana  Cempoyaria,  is  easily  attainable, 
the  principal  points  in  which  it  differs  from  MiAge 
will  be  briefly  described. 

The  animal  when  at  rest  normally  squats  on  its  haunches, 
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supporting  itself  slightly  on  its  palms.  Vnder  these  circumstances, 
the  pelvic  girdle  makes  a  considerable  angle  with  the  vertebral 
column  and  the  powerful  iliac  bones  raise  the  skin  of  the  back  into 
a  well-marked  hump,  the  so-called  sacral  hump. 

The  gape  is  enormous,  and  is  caused  by  the  lower  end  of  the 
suspensorium,  or  part  of  the  skull  to  which  the  lower  jaw  is 
hinged,  slanting  backwards  instead  of  projecting  directly  downwards 
as  in  Urodela.  The  tongue  is  fixed  to  the  floor  of  the  mouth  in 
front,  but  is  free  behind;  it  can  be  rapidly  thrust  out  of  the  mouth 
by  bending  the  posterior  end  forwards  and  as  rapidly  retracted.  It 
it  used  to  whisk  the  insects  on  which  the  animal  feeds  into  the 
mouth. 

Behind  the  eye  is  a  circular  patch  of  thin,  tightly  stretched  skin. 
This  is  the  ear-drum  or  tympanum,  which  closes  externally  the 
Eustachian  pouch  of  the  gullet.  It  is  believed  that  this  pouch  is 
the  remains  of  the  first  gill-cleft,  the  spiracle  of  Elaamobranch  fish. 
Sound  impinging  on  the  ear-drum  is  conveyed  to  the  wall  of  the 
ear  capsule  by  a  rod  of  cartilage  called  the  columella  auris.  In 
the  Urodela  sound  has  to  find  its  way  as  best  it  can  through  the 
skin  and  muscle  of  the  head  to  its  auditory  organ.  All  Anura 
possess  Eustachian  pouches  and  a  columella  auris,  but  all  do  not 
have  a  well-developed  ear-drum. 

The  skin  is  most  loosely  attached  to  the  muscles  uuderneath. 
Large  spaces  containing  lymph  are  interposed  between  them. 
These  lymph  spaces  form  a  protection  against  the  danger  of 
drying  up.  There  are  two  pairs  of  sacs,  placed,  one  pair  just 
between  the  upper  ends  of  the  pectoral  girdle,  and  another  pair 
just  at  the  sides  of  the  rudimentary  stump  of  a  tail,  which  have  the 
power  of  contraction  and  pump  the  surplus  lymph  into  the  veins  of 
the  neighlDourhood,  These  are  called  the  anterior  and  posterior 
pairs  of  lymph-hearts. 

Little  trace  is  left  in  the  muscles  of  the  Fi-og  of  the  myotomes. 
The  muscle  however  which  forms  the  ventral  line  of  the  belly,  the 
rectus  abdominis,  is  divided  by  bands  of  connective  tissue  into 
five  pieces  corresponding  to  the  vertebrae. 

Turning  now  to  the  skeleton ;  we  observe  many  points  of  differ- 
ence between  the  Frog  and  the  Newt.  The  ribs  in  the  Frog  are 
indiatinguishably  fused  with  the  transverse  processes;  in  very  few 
Anura  are  they  distinct,  and  they  are  always  rudimentary.  The 
vertebrae  differ  from  those  of  the  Urodela  in  the  entire  suppression 
of  the  inter-ventral  element  so  that  the  centrum  is  constructed  out 
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of  basi-darsal,  inter-dorsal,  and  basi-veatral  elements,  the  last 
named  being  very  rudimentary.  In  some  Anura  the  basi-ventral 
piece  is  entirely  absent,  and  in  this  case,  since  the  centrum  is 
constructed  entii'ely  of  dorsal  elements,  the  notochord  is  found  for 
a  considerable  period  of  developenient  lying  in  a  groove  on  its 
under  surface.  This  is  the  so-called  epichordal  type  of  devel- 
opement.  The  stump  of  the  tail  is  ossified  as  a  bony  style,  called 
the  urostyle.     Besides  it  there  are  only  nine  vertebrae. 


B 


Fio.  244.  A,  dorsal,  aod  B,  ventral  vien  of  the  cranium  of  a  Common  Prog, 
litina  lentporaria,  from  which  Ihe  membrane-bones  have  mostly  been 
removed  x  2.    After  Farber. 

I.   Splienetbmoid.  2.    Palatine.  3.    Pterygoid.  4.    Suapeneorium. 

5.  Columella.  6.  Ex-occipital.  7.   Ventral  ciutilagiDous  trail  of 

cranium.  6.    Pro-olic.  9.    Anterior   fonunelle.  10.    Riplit 

posterior  fontanelle.  II.  Quadrato-jiigal.  12.  Nasal  capsule. 

II.  V.  VI.  IX.  X.   Foramina  for  exit  of  cranial  nerves. 

The  skull  is  constructed  on  the  same  plan  as  that  of  Molge, 
but  it  is  broader  and  flatter;  this  is  due  to  the  wide  arching  out 
of  the  upper  jaws,  leaving  a  very  large  opening  between  them  and 
the  cranium.  The  cause  of  this  again  is  to  be  sought  in  the  large 
protruding  prominent  eyes,  so  marked  a  feature  of  al)  Anura.  The 
floor  of  the  cartilaginous  cranium  is  complete  in  the  Frog,  the 
pituitary  fossa  having  shrunk  to  insignificant  dimensions.  The 
orbit  OS  ph  en  o  ids  have  coalesced  to  form  a  box-like  bone  which 
ossifies  not  only  in  the  front  part  of  the  cranium,  but  also  in  the 
hinder  parts  of  the  nasal  snc,  and  is  called  the  sphenethmoid. 
The  parietal  is  fused  with  the  frontal. 

The  suspensorium  sends  forward  a  pterygoid  process  which 
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becomes  attached  to  the  skull  in  the  nasal  region.  Underneath  the 
posterior  part  of  the  pterygoid  proceas  there  is  a  pterygoid  bone 
whiuh  surrounds  it  and  partly  replaces  it,  so  that  whereas  the 
pterygoid  in  Urodela  is  a  true  membrane-bone,  here  it  has  become 
a  cartilage-bone,  eating  into  and  largely  replacing  the  cartilage. 


1.  Sphenelhmoid,  2.  Fron to-parietal.  3.  Pterygoid.  4.  Squamosal, 
a.  Es-occipital.  7.  Paraaphenoid.  S.  Pro-otic.  9.  Quadrato-jugal. 
10.   Maxilla.         11.   Kasal.  12.  Premaxilla.         13.  Anterior  nares. 

U.   Vomer.  16.   Poal«Ti or  Dares.  16.   Palatine.  18.   Columella. 

10.  Quadrate.       20,  Occipital  con(tyle.        11.  Optic  foramen.       V.  VII. 
Foramen  for  exit  of  trigeminal  and  facial  nerves,  IX.  X.    Foramen  for 

exit  of  glossopharyngeal  and  pneumogaatric  nerves. 

The  pterygoid  sends  out  a  forli  which  underlies  that  part  of  the 
suspensoriiim  which  forms  an  articulation  for  the  lower  javr.  The 
front  part  of  the  pterygoid  process  where  it  bends  in  to  rejoin  the 
skull  is  ossified  by  the  palatine,  which  tike  the  pterygoid  has 
become  a  cartilage-bone.  The  palatine  is  transverse  to  the  axis  of 
the  skull,  ^  in  Ambtgstoma.  Neither  palatine  nor  pterygoid  bears 
teeth,  but  the  vomers  bear  a  little  group  of  teeth  towards  their 
hinder  edge.  These  vomerine  teeth  are  used  for  crushing  the  food. 
The  upper  lip  has  a  sei-ies  of  three  bones  on  each  side,  reaching 
completely  to  the  suspensorium,  an  additional  quadrato-jugal 
being  added  to  the  two  present  in  the  Newt.     There  is  a  large 
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membrane-bone  of  a  characteristic  T-shape,  known  as  the  squa- 
mosal, lying  outside  the  sus-  ^ 
pensorium.     In  the  lower  Up 
there    is    a    splenial    and    a 

dentary,  whilst  in   front  the  ' 

cartilaginous  lower  jaw  is  re-  " 

placed  by  a  pre-dentary 
bone.  Only  the  premaxilla  and 
maxilla  and  vomer  bear  teeth. 
Most  Anura  agree  with  the 
Frogs  in  this,  but  the  Toad, 
Bnfo,  and  its  allies  are  en- 
tirely toothless. 

The  hinder  visceral  arches 
are  reduced  to  a  still  more 
rudimentary  condition  than 
those  of  Molge.  They  are 
represented  by  a  thin  plate 
of  cartilage  called  the  basi- 
lingualwith  short  blunt  pro- 
cesses, of  which  only  the  last 
pair,which  embrace  the  glottis, 
are  ossified  (Fig.  247).  This 
pair  are  termed  the  thyro- 
hyals.  The  whole  "hyoid" 
apparatus  is  the  I'emains  of 
the  second  visceral  arch  and 
of  the  median  piece  (copula) 
which  unites  this  to  the 
third,  with  perhaps  a  trace  of  the  third  arch. 

The  pectoral  girdle  is  much  more  strongly  developed  than  in 
the  Urodela,  The  coracoid  and  pre-coracoid  processes  are  joined 
at  their  inner  ends  by  a  longitudinal  bar,  the  epi-coracoid,  so  as 
to  enclose  a  space  called  the  coracoid  foramen.  The  two  epi-cora- 
coids  are  in  the  frog  firmly  united  in  the  middle  line.  In  many 
Anura  however  they  merely  overlap. 

The  upper  portion  of  the  pectoral  girdle  is  ossified  by  a  bone 
called  the  scapula.  As  in  Urodela,  however,  the  cartilage  projects 
a  long  way  beyond  it,  and  this  portion  is  called  the  supra-scapula 
and  may  become  partially  ossified.  There  is  a  distinct  coracoid 
bone  ossifying  the  coracoid  process,  and  the  pre-coracoid  is  under- 


FiG.  246.    A,  lateral  view  of  the  skull 

B,  posterior  view  of  the  craaiuni  of 
a  Common  Frog  Raaa  temporana 
X  2.    After  Parker 

I.  Sphenethmoid  2  Fronlo-panetAl 
3.  Pterygoid.  4  Squamoaal  S  Tjm 
panic  membrane  6  Ex  occipital 
7.  Parasphenoid  8    Pro  otic 

9.   Quadrato-jugal  10    Maxilla. 

11.  Nasal.  12  Premaxilla  13  An 
terlor  nares.  14.     Pre-dentary. 

16.  Dentary.  16.  Splenlal.  17.  Basi- 
lingual    plate.  10.      Quadrate. 

20.  Colamella.  21.  Occipital  condyle. 
22.  Anterior  comu  of  the  hyoid 
(cerato-hyal).  23.  Foramen  magnum. 
II.  tX.  X.  Foramina  for  the  exit  of 
cranial  nerves. 
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latu  bj  a  membrane-bone  called  the  clavicle.     In  front  of  the 

pectoral  girdle  in  the  middle  line  lies  a  small  rounded  piece  of 
cartilage  called  the  omosternum,  partly  converted  into  a  bone 
of  the  same  name.  Behind  the  girdle  in  a  similar  position  is  a 
cartilaginous  bar  with  a  flattened  end,  ensheathed  by  a  bone  called 
the  sternum;  the  flattened  end  is  called  the  xiphisternum. 
The  omostemum  has  proved  to  be  composed  of  a  portion  budded 
off  by  the  conjoined  epi-coracoids.  The  sternum  is  supposed  to 
be  the  first  trace  of  a  breast-bone,  but  as  the  breast-bone  in  the 
higher  animals  originates  in  connection  with  long  ribs,  which 


In  A  the  ossified  portions  are  sligiiUy  shaded,  wbile  the  cBrtilagioous 
portions  are  left  Trblte. 

1.  Bnsl-llngual  pUte.  2.  Hjoid  arch.  3,  First  branchial  arch.  4.  Second 
branchial  arch.  6.  Third  branchial  arch.  0.  Fourth  branchial  arcb. 
7.   Thyro-byaL. 

meet  one  another  in  the  mid-ventral  bone,  this  must  be  considered 
doubtful. 

In  the  arm  the  two  points  to  be  noticed  are  the  complete  fusion 
of  the  radius  and  ulna  into  one  bone,  and  the  i-eduction  of  the 
carpus,  in  which  there  are  only  six  bones,  three  of  the  distal  small 
bones  having  coalesced.    The  first  digit  or  thumb  is  rudimentary. 

In  the  pelvic  girdle  there  is  no  epipubis:  the  ilium  is  a  very 
long  cylindrical  bone :  the  ischium  ossifies  most  of  the  ischio-pubic 
cartilage  and  is  closely  applied  to  its  fellow.  In  the  leg  the  tibia 
and  fibula  are  fused  into  one  bone,  which  is  about  the  same  length 
as  the  femur.  The  ankte  is  remaikably  elongated,  the  tibiale  and 
the  fibiale  being  long  cylindrical  bones,  easily  mistaken  for  the 
middle  segment  of  the  limb.  The  distal  bones  of  the  tarsus 
have  nearly  disappeared,  only  two  or  three  small  nodules  being 
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present  on  the  axial  side.  The  longest  toe  is  the  fourth,  that 
corresponding  to  ttie  human  big  toe  is  the  shortest  It  is  a  matter 
of  great  interest  to  see  that  there  is  a  rudiment  of  a  sixth  digit  on 
the  inner  side  of  the  great  toe.  It  is  a  common  occuri-ence  for  the 
number  five  to  be  diminished,  but  very  rare  for  it  to  be  increased, 
It  is  believed  that  the  pentadactyle  limb  is  derived  from  a  fin  like 
that  of  the  Dipnoi  by  a  shortening  of  the  main  asis  and  a  reduction 
in  the  number  of  rays.  It  is  interesting  to  find  in  the  lowest  land 
animals  traces  of  extra  rays. 


Fio.  248.    Shoulder-girdle  and  Sternum  of 

A.  An  old  mole  Common  Frog,  Rana  lemporaria. 

B.  An  aduH  female,  Docidophrgne  gigantea.    After  Parker,  to  illustrate  tbe 


In  botli  A  and  B  tbe  left  sapra-scapula  !s  removed.    The  parts  unshaded 
are  ossified  ;  those  marked  with  small  dots  coosist  of  hyaline  cartilage,  those 
marked  with  lai^  dots  of  calcifiet]  cartilage. 
1.   Calcified  cartilage  of  Biipra-ecapula.         2.   Ossified  portion  of  supra-scapola. 

3.   Scapula.  4.   Coracoid.  6.    Epi-coracoid.  6,    Pre-coracoid. 

7.  Clavicle.        8.  Gleuoid  cavity.        9.  Coracoid  foramen.        10.   Epi- 

St«rnum.  11.  OmoHtemum.  12.   Sternum.  13.   Xipljistemum. 

The  main  differences  between  the  circulatory  system  of  the  Frog 
and  that  of  the  Newt  ai-e  to  be  found  in  the  arterial  system.  The 
last  arterial  arch  has  become  entirely  cut  off  from  the  aorta,  and 
in  addition  to  supplying  the  lung  it  sends  a  large  branch  to  the 
skin,  for  which  reason  it  is  called  the  pulmo-cntaneousarch.  Tlie 
conns  arteriosus,  as  in  Molge,  has  two  transverse  rows  of  pocket 
valves,  one  near  the  heart  and  one  near  the  outer  end,  but  in  the 
Frog  there  is  in  addition  a  longitudinal  valve  with  a  free 
ventral  edge  running  somewhat  obliquely  from  the  one  row  of 
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valves  to  the  other.  When  the  ventricle  contracts  it  is,  at  first, 
full  of  impure  blood  from  the  right  auricle.  This  blood  passes  almost 
exclusively  into  the  short  and  wide  pulmonary  passages,  as  tliey 
offer  least  resistance.  As  however  these  become  filled  it  passes 
over  the  ventral  edge  of  the  longitudinal  valve  and  into  the 
sy.itemic  arches.  By  this  time  some  of  the  blood  has  returned  from 
the  lung  to  the  left  auricle,  and  so  mixed  blood  |>as3es  to  the  hinder 
portion  of  the  body.  The  longitudinal  valve,  as  more  and  more 
blood   passes   on   the   systemic   side,   is  made  to  lie  against  the 


Fio.  240.    Diagram  of  arterial  arch  of  Frog  viewed  from  the  ventral  aspect. 

I.    First  arterial  arch.  II.   Second  arterial  arch,  IV.    Fourth  arterial 

arch  (the  third  hasdiaappeared).  16.  Pulmonary  art*ry.  1(1,  Aortic 
arches  uniting  Co  form  the  dorsal  aorta  whicb  gives  off  immediately  the 
coeiiaco-mesenieric  artery.         23.  Lingual  artery.  24.  Carotid  arch 

with  carotid  gland- 

openings  to  the  pulmonary  arches  and  so  prevent  any  more  blood 
entering  them.  When  the  pressure  in  the  ventricle  rises  to  its 
highest  point,  the  last  blood,  which  is  entirely  pure,  —  all  from  the 
right  auricle  having  been  driven  out,  —  is  able  to  overcome  the 
resistance  in  the  carotid  gland  and  go  to  the  head. 

The  posterior  cardinal  veins  are  only  represented  by  their  hinder 
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portions,  the  renal  portals,  all  the  blood  from  the  kidneys  being 
cairied  by  the  inferior  vena  cava. 

The  brain  of  the  Frog  and  of  Anura  in  general  is  more  highly 
developed  than  that  of  the  Urodela.  Thus  (Fig.  251)  the  olfactory 
lobes  of  the  cerebral  hemispheres  are  connected  together,  and  the 
optic  lobes  of  the  mid-brain  are  well  developed. 


H  having  been  opened  up,  to  sbow 


I.  Ventricle.  2.  Highi  auricle.  3.  Left  auricle.  4.  Tninciis  arte- 
riosus. 5.  Carotid  arcb.  6.  LIngiial  artery.  7.  Carotid  ^Innd. 
8.  Carotid  artery.  9.  Arcb  of  aorla.  10.  Pnlmo-cutaneous  trunk. 
11.  Innominate  vein.  12.  Subclavian  vein.  13.  Vena  cava  inferior. 
14.  Vena  cava  superior.  15.  Opening  of  sinus  venomis  into  right  auricle. 
16.     Pulmonary  vein.  17.     Aperture  of  entry  of  pulmonary  vein. 

16.    Semi-lunar  valves.  10.     Longitu<)inal  valve.  20.     Point  of 

orifsin  of  pul  mo-cutaneous  trunk.  21.  Rod  passed  from  ventricle  into  the 
truncuB  arteriosus,  indicating  the  course  taken  by  blood  nhich  flows  into 
the  carotid  and  aortic  trunks. 

It  was  pointed  out  (p,  352)  that  the  limbs  of  Vertebrates  are  in 
all  probability  derived  from  two  lateral  flaps  of  skin  — two  longi- 
tudinal fins.  The  muscles  in  these  fins  were  originally  prolongations 
of  the  myotomes,  and  the  nerves  were  of  course  branches  of  the 
motor  nerves  going  to  the  myotomes.  Kow  as  these  longitudinal 
flaps  were  converted  into  paired  fins  and  these  by  a  continual 
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narrowing  of  their  bases  acquired 
greater  distinctuess  fruiu  the 
body,  the  portions  of  the  luyo- 
tomes  supplying  the  musculature, 
and  the  nerves  in  connection 
therewith  became  so  to  speak 
bunched  together  at  the  base  of 
the  limb.  In  adult  Craniata  all 
trace  of  the  original  nietanieric 
arrangement  of  the  limb  muscles 
V  is  lost ;    but  the  metamerism  of 

the  nerves  can  still  be  seen,  and 
the  bundles  of  these  supplying 
the  pectoral  and  the  pelvic  limbs 
are  known  as  the  brachial  and 
the  sciatic  plexus  respective- 
ly. In  the  Frog,  where  the  limbs 
are  of  far  greater  importance  to 
the  life  of  the  animal  than  are 
the  tins  to  fish,  the  nerves  furm- 
ing  the  brachial  and  the  sciatic 
plexus  are  powerful  trunks  (Fig. 
251,  2,  3,  and  7-10). 

The  lungs  are  shorter  than 
in  the  Newt  but  much  wider,  and 
their  inner  surface  is  covered 
with  a  network  of  low  ridges 
which  much  increases  their  area. 
The  kidney  is  a  comparatively 
short  and  broad  organ,  very  dif- 
ferent from  the  long  tapering 
Fio.  251.  Brain  and  spinal  cord  ot  Frog  organ  of  the  Newt.  The 
y  about  2.  testis  is  connect«i  by  vasa 

a.  Cerebralhemigphere.    b.  Olfactory  lobe.        ~        .-  -»i,  •  ■ 

c.  Eye.  d.  Thalameiicephalon.  e  Optic  efferentia  with  certain 
lobes,  f.  Cerebellum,  g.  Medulla  ob-  special  tubules  of  the  kid- 
longaia,  h.  Fourth  ventricle,  i.  Spinal  „„  «.,„  „ ,  l  i„  i  „„, 
cord.  I.  Olfactory  nerves.  II.  Optic  "^J"  These  tubules  do  not 
nerve.  III.  Oculomotor  nerve.  IV.  Ta-  open  into  the  archinephric 
theilcus.  V.  Fifth  nerve.  VII.  Facial  j  .  ,  .  ■  .  s^pHslI  duct 
nerve.  VJII.  Auditory  nerve.  IX.  Glos-  ""Ct,  but  into  a  special  aucc 
flopharyngeal  nerve.  X.  Vagua  nerve,  which  runs  along  the  sur- 
Ji.^^™X\Slr.™,;S  tace„tthekidoey,„dope„s 
9  to  form  tbe  sciatic  piexus.  into  the  archinephric  duct 
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behind.  Thus  in  a  somewhat  different  way  the  separation  of 
urine  and  spermatozoa  is  carried  out  quite  as  efficiently  as  in  the 
Newt.  The  aichinyphric  duct  has  a  number  of  pouches  developed 
on  its  walls  which  collectively  form  the  vesicula  semioaJis  in  which 


Fio.  252. 

A.  The  urtno-genltftl  organs  of  the  male,  dissected  from  the  front,  after 
removal  from  the  body.     From  Howes. 

B.  The  urino-genitat  ori^ina  of  tbe  female,  dealt  with  in  the  same  manner  as  tha 

above,  except  that,  in  order  to  show  tbe  natural  relations  of  the  moulh 
of  the  oviduct,  the  left  lung  and  a  portion  of  U)e  oesophagus  were  also 
removed  from  the  body. 

A.  1.  Fat-body.  2.  Fold  of  peritoneum  supporting  tbe  lestis.  3.  Efferent 
ducts  of  testis.  4.  Duels  of  vesicula  seminalis.  5.  Vesicula  seminaljs. 
a.  Archlnephrlc  duct.  T.  Cinaca.  8.  Orifice  of  ureter. 
9.  ProcCodaeum.  10.  Allantoic  bladder.  11.  Rectum.  12.  Kidney. 
13.  Testis.       14.  Adrenal  body. 

B.  1.  Oesophagus.  2.  Moutlt  of  oviduct.  3.  Left  lung.  i.  Corpus 
adiposiim.  5.  Left  ovary.  6.  Archinepbric  duct.  7.  Oviduct. 
8.  Allantoic  bladder.  0.  Cloaea.  10.  Aperture  of  oviduct. 
11.  Orifice  of  arcbinephric.  12.  Proctodaeum.  lil.  Fold  of 
peritoueum  supporting  the  ovary.        14.   Kidney. 

the  spermatozoa  are  stored  up.  In  Bombinator  the  vasa  efferentia 
apparently  open  directly  into  the  archinepbric  duct  in  front  of  the 
kidney.  The  oviduct  often  appears  as  a  rudiment  in  the  male,  and 
in  Alytea  the  vasa  efferentia  open  into  it  This  last  is  a  very 
abnormal  arrangement. 
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Lying  on  the  ventral  surface  of  the  kidney  near  its  inner  edge  ia 
an  elongated  body  called  the  adrenal  body  (Fig.  252  a,  14).  This 
organ  is  found  under  various  forms  in  most  Vertebrates;  it  has 
been  recently  shown  to  be  derived  from  a  peritoneal  furrow  which 
becomes  shut  off  from  the  genei'al  coelom  and  loses  its  cavity, 
forming  a  solid  rod  of  cells.  Experiments  made  on  higher  animals, 
and  the  observation  of  cases  where  it  is  attacked  by  disease,  show 
that  like  the  thyroid  gland  the  adrenal  manufactures  and  pours 
into  the  blood  some  substance  essential  to  the  well-being  of  the 
animals. 

The  eggs  develope  entirely  outside  the  body,  and  there  is  a  large 
thin-walled  swelling  of  the  oviduct  in  which  the  ripe  eggs  accumulate 
just  before  being  discharged.  The  male  clasps  the  female  round 
the  waist  and  remains  in  this  position  sometimes  for  weeks,  uttering 
loud  croaks  at  intervals  until  the  eggs  are  discharged.  When 
the  eggs  are  discharged  he  emits  the  spermatozoa  on  to  them.  The 
croaks  are  made  by  pumping  the  air  from  the  lungs  through  the 
glottis  into  the  pharynx,  and  vice  versd.  The  pharynx  has  usually 
two  side  pouches,  the  vocal  sacs,  which  become  inflated  with  air. 
It  is  thus  possible  for  the  frog  to  croak  when  under  water. 


Fio.  263,    Tadpole  of  Rana  tseultnla,  Lin.,  taken  near  St.  Malo  y  1.    From 

Boulenger. 

1.   Dorsal  fln.  2.  Tail,  showing  myotoinea.  3.   Hind-limb, 

The  developement  is  in  many  respects  different  from  that  of 
Urodela,  Soon  after  the  young  are  hatched  they  acquire,  it  is  true, 
three  external  gills  on  each  side,  but  there  is  no  trace  of  limbs,  and 
the  gill-slits  are  closed,  and  as  the  mouth  does  not  open  into  the 
alimentary  canal  no  food  is  taken.  Later  the  gill-slits  appear ;  but  a 
flap  of  skin,  the  gill-cover,  grows  back  from  the  second  visceral  arch, 
the  hyoid,  and  covers  up  the  gill-slits  and  the  external  gills.  The 
external  gills  when  covered  soon  disappear.  The  two  gill-covers 
unite  with  one  another  beneath  the  animal,  so  only  one  little 
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opening  to  the  gill-cbamber  remains,  usually  on  the  left  side.  The 
mouth  has  by  this  time  opened  into  the  alimentary  canal,  and  it  is 
provided  with  two  horny  ridges,  one  above  and  one  below,  besides 
rows  of  little  homy  prickles.  The  homy  jawa  crop  the  water-weeds 
npon  which  the  tadpole  lives. 

The  larva  is  now  the  well-known  tadpole,  with  a  rounded  body 
and  a  long  flat  tail  with  which  it  swims.  The  limbs  gradually  grow, 
but  for  a  long  time  the  front  limbs  are  hidden  beneath  the  gill- 
cover.  When  they  finally  burst  through  the  auimal  sheds  its  horny 
jaws  and  comes  on  land.  For  a  short  time  the  tail  is  retained, 
but  absorption  soon  removes  all  trace  of  it  and  the  developement 
is  complete. 

The  Anura  are  divided  into  two  main  groups  according  to  the 
developement  of  the  tongue.  In  the  Aeloesa  it  is 
eaSen?  entirely  absent  and  the  two  Euste^hian  tubes  have  a 

common  opening  into  the  pharynx.  This  curious 
group  only  includes  two  genera.  In  one  species,  Pipa  americana, 
the  Surinam  toad,  the  eggs  are  emitted  from  the  protruded  oviduct 
on  to  the  back  of  the  female,  and  here  the  young  pass  through 
the  tadpole  stage  enclosed  in  deep  pockets  of  the  moist  skin.  This 
species  as  its  familiar  name  implies  is  an  inhabitant  of  S.  America. 
In  the  PbanerogloBsa,  on  the  other  hand,  the  tongue  is  well- 
developed,  usually  being  free  behind,  and  in  this  case  used  to 
flick  the  prey,  which  consists  of  insects,  into  the  capacious  mouth. 
The  Eustachian  tubes  are  separate.  The  Phaneroglossa  are  divided 
into  the  Arcifera  and  the  Firmisternia.  In  the  first  division 
the  two  epi-coracoids  of  each  side  overlap  (Fig.  248,  B);  in  the 
second  they  are  firmly  united  in  the  middle  line  (Fig.  248,  A). 
The  first  division  includes  several  families,  but  the  two  largest  and 
most  important  are  those  of  the  toads,  Bufonidae,  and  the  tree 
frogs,  or  Hylidae. 

The  toads  have  no  teeth  whatever  and  their  dermal  glands  secrete 
a  poisonous  juice;  the  skin  is  warty,  owing  to  great  thickenings  of 
the  homy  layer  of  the  epidermis.  They  only  enter  the  water  at 
the  breeding  season  and  toads  are  in  many  respects  more  adapted 
to  a  land  life  than  are  frogs.  Two  species  live  in  Great  Britain : 
Bufo  vulgaris,  found  everywhere,  and  Bnfo  caiamita,  the  Natter- 
jack, a  species  with  comparatively  feeble  hind-limbs,  which  crawls 
and  does  not  jump.  The  Natterjack  frequents  sandy  places  and 
is  thus  local  in  its  distribution. 

One  species  of  Bufo  (B.  americana)  is  found  in  the  north  of  North 
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America.  But  besides  the  Buf  onidae  another  family  of  the  Arcifera, 
the  Pelodytidae,  which  have  teeth,  is  represented  by  Scaphiopua,  a 
burrowing  species,  provided  with  a  sharp  spur  on  the  inner  side  of 
each  foot,  whence  tlie  name  spade-foot  frog. 

The  Hylidae  have  teeth  on  the  vomers  and  on  the  upper  jaw, 
but  their  most  remarkable  peculiarity  consists  in  the  possession  of 
fleshy  cushions  underneath  the  terminal  joints  of  the  digits,  the 
bones  of  which  are  bent  up  and  claw-Uke.  By  means  of  these 
cushions  the  Hylidae  are  able  to  adhere  to  smooth  vertical  surfaces, 
and  so  climb  trees,  in  which  they  mostly  live,  only  approaching  the 
water  for  the  purpose  of  laying  their  eggs.  There  is  no  species  of 
this  family  in  Great  Britain  and  only  one  in  Europe.  In  North 
America  there  are  several  species  belonging  to  three  genera:  Hi/la, 
Chorophilus,  and  Acins. 

The  FiBMiSTERNlA  have  the  two  epi-coracoids  fused  in  the 
middle  line  and  include  the  frogs  or  Kanidae.  There  is  only  one 
species,  Rana  temporaria,  which  was  taken  as  the  type  of  the 
Anura,  really  native  to  Great  Britain,  but  there  exist  a  few  col- 
onies of  the  common  European  species,  Jtana  esatlejila,  mostly  in 
the  Eastern  Counties.  The  frogs  of  this  species  are  most  powerful 
croakers,  and  as  their  name  implies  they  are  used  as  food.  It  is 
believed  that  they  were  introduced  by  the  monks  from  Europe  who 
before  the  Reformation  used  to  pay  periodical  visits  to  England  to 
supervise  their  property. 

In  Canada  and  the  Korthern  United  States  there  are  eight 
species  of  frogs.  A  species  believed  to  be  identical  with  Rana 
temporaria  is  found,  but  the  two  commonest  are  Rana  virescens,  of 
a  green  ground  colour  with  lines  of  velvety  black  patches,  and 
the  great  Bull-frog,  Rana  calesbiana,  which  attains  three  or  four 
times  the  size  of  Rana  temporaria,  and  is  of  brownish  yellow 
colour,  peppered  over  with  minute  black  dots. 


III.    GYMNOPHIONA 

The  order  Gymnophiona  is,  as  has  already  been  mentioned, 
distinguished  by  the  entire  absence  of  limbs  and  the  worm-like 
appearance  and  habits  of  its  members.  In  the  skeleton  the  reten- 
tion of  a  complete  roof  of  bones  over  the  space  between  cranium 
and  upper  Up,  known  as  the  temporal  fossa,  and  the  existence  of 
minute  bony  scales  embedded  in  the  dermis,  are  features  retained 
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from  the  St«gocephala.  In  accordance  with  their  retiring  habits 
the  members  of  this  order  have  very  small  and  nearly,  if  not  quite, 
functionless  eyes.  The  internal  anatomy  is  in  many  respects  like 
that  of  the  Urodela,  but  the  pulmonary  arterial  ai'ch  does  not  join 
the  aorta.  These  animals  often  live  at  some  distance  fi-om  water 
and  the  larval  developement  is  passed  through  inside  the  egg-shell, 
but  even  there  the  embryo  developes  large  external  gills. 

The  species  of  this  family  are  restricted  to  the  tropics ;  Epicrium 
is  found  in  Ceylon,  Coecilia  in  South  America,  and  Hypogeopkit 
in  Africa. 

The  class  Amphibia  is  divided  as  follows : 

Order  1.     URODELA 

Amphibia  retaining  throughout  life  a  long  tail :  the  fore- 
limbs  and  hind-limbs  are  approximately  equal  in  length. 

Sub-order  1.     lothyoidea. 

Urodela  retaining  throughout  life  one  or  more  open 
gill-slits  on  each  side  of  the  neck  and  frequently  externil 
gills  in  addition.     Limbs  more  or  less  degenerate. 

Ex.  Necturus,  Proteus,  Siren,  Amphiuma,  Mevojioma. 
Sub-order  2.     Salamandroidea. 

Urodela  which  lose  all  trace  of  gills  and  gill-slits  when 
adult.     Limbs  well  developed. 

Family  (1)     Salamas'dridae. 

Salamandroidea  in  which  the  vomero-palatine  teeth  are 
arranged  in  two  longitudinal  series  and  in  which  the  vertebrae 
are  opisthocoelous. 

Ex.     Molge,  Salamawlra. 
Family  (2)     Amblystomatidae. 

Salamandroidea  in  which  the  vomero-palatine  teeth  are 
arranged  in  a  transverse  row  and  in  which  the  vertebrae  are 
amphicoelous. 

Ex.     Amblystoma. 
Family  (3)    Desmogkathidae. 

Salamandroidea  in  which  the  vomero-palatine  teeth  are 
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arranged  in  a  tranaverse  row,  and  in  which  there  is  a  toft  of 
teeth  on  the  parasphenoid ;  vertebrae  opisthocoelous. 

Ex.     Deamognaihm. 
Family  (4)     Plethodontidae. 

Salamandroidea  with  teeth  arranged  as  in  preceding  fomilf, 
but  in  which  the  vertebrae  are  amphicoelous.  In  most  (if  not 
all  ?)  eases  lungs  absent  and  the  atrium  of  the  heart  undivided. 

Ex.     Spelerpes,  Methodon. 

Order  2.    ANURA 

Amphibia  which  lose  when  adult  all  trace  of  tail,  biad-limb 
much  more  powerful  than  the  fore-limb  and  used  for  leaping. 

8utM)rder  1.    A^rlosaa. 

Anura  devoid  of  a  tongue;    both  Eustachian  tubes 
have  a  common  opening. 
Ex.     Pipa. 

SutM>rder  2.    Phanerogloasa. 

Anura  with  well -developed  tongue.     Eustachian  tubM 
with  separate  openings. 

Group  I.    Arcifera. 
Phaneroglossa  in  which  the  epi-coracoids  of  opposite 
sides  overlap. 

Family  (1)     Bukonidae. 

Arcifera  with  very  warty  skin  and  without  teeth  in  the 
upper  jaw.     Pupil  a  horizontal  slit. 

Ex.     Biifo. 
Family  (2)     Pelodytidab. 

Arcifera  with  teeth  in  the  upper  jaw.     Pupil  a  vertical  slit 

Ex.     ScapliiopKs. 
Family  (3)     Htlidae. 

Arcifera  with  teeth  in  the  upper  jaw,  and  expanded  discs 
on  the  toes  enabling  them  to  climb. 

Ex.     Hffla. 
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Group  II.    Firmistema. 
Phaneroglossa  in  which  the  epi-coracoids  are  firmly 
united  in  the  middle  line. 

Family  (1)     Ranidab. 

Firmisternia  with  cylindrical  sacral  transverse  processes. 
Ex.     Sana. 

Orders.    GTMNOPHIONA 

Amphibia  without  limbs  or  tail,  of  worm-like  appearance, 
with  rudimentary  eyes. 

Ex.     Coecilia,  IIt/2>oy€opkis,  Epiaium. 
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Sub-Phylum  IV.    Cbaniata 

Class  III.     Beptiles 

The  name  Eeptile  denotes  literally  anything  that  creeps  (Lat. 
repo  or  rejrio,  to  crawl),  and  in  this  sense  it  is  indeed 
KWri'tic* ""  often  used ;  a  newt,  a  centipede,  or  a  spider,  would 
each  doubtless  be  called  a  reptile  by  many  people. 

Zoologically,  however,  the  term  denotes  cold-blooded  quadrupeds 
which  are  covered  with  horny  scales  and  which  lay  large  eggs,  inside 
the  shells  of  which  the  whole  develofjement  is  completed. 

But  it  is  not  merely  the  size  of  the  egg  nor  even  the  character 
of  the  embryonic  developement  which  distinguishes  Reptiles  from 
Amphibia.  There  are  isolated  cases  of  species  of  Amphibia  in  which 
the  developement  is  practically  completed  within  the  egg-shell, 
but  in  all  Amphibia  the  whole  egg  becomes  converted  into  the  body 
of  the  larva.  In  Reptiles  on  the  other  hand  part  of  the  egg  is  made 
into  a  hood  termed  the  amnion,  which  is  wrapped  around  the  body 
of  the  embryo.  This  structure  is  cast  off  entirely  at  birth,  and  the 
wound  caused  by  its  tearing  is  healed.  With  it  is  also  cast  off  a 
portion  of  the  urinary  bladder  —  the  allantois  in  the  stricter  and 
original  sense  —  which  extends  into  the  amnion  and  appears  to 
subserve  respiration  during  embryonic  li'fe.  In  strictness,  therefore, 
only  a  part  of  the  egg  is  converted  into  the  body  of  the  embryo. 

This  peculiar  mode  of  developement  is  shared  by  Birds  and 
Mammals,  for  which  reason  these  two  classes  are  often  included  with 
the  Reptiles  in  the  term  Amniota. 

Next  to  the  developement  perhaps  one  of  the  most  characteristic 
features  of  Reptiles  is  the  nature  of  their  skin.  They  are  typically 
covered  with  scales  which  are  widely  different  from  the  scales  of 
fish.     The  latter  are  essentially  areas  of  the  dermis  hardened  by  the 
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deposition  of  lime  with  sometimes  the  addition  of  a  layer  of  crystals 
from  tlie  basal  ends  of  the  ectoderm  cells  (enamel). 

The  scale  of  the  Reptile  on  the  contrary  is  nothing  but  an  area 
of  the  horny  layer  of  the  skin  wheie  the  cells  are  converted  into 
horn  or  ceratin,  and  adherent  to  one  another.  In  the  mass  of  the 
scale  the  horn  is  rendered  brown  by  the  presence  of  pigment,  but 
the  outennost  layer  is  composed  of  clear'  cells  and  is  known  as 
the  epitrichial  layer.  Such  a  structure  is  found  in  one  or 
two  Mammals,  but  otherwise  nowhere  else  than  in  Keptiles.  A 
sloughing  or  ecdysis  of  the  scaly  epidermis  is  a  constant  feature 
of  the  Beptilia.  It  may  take  place  bit  by  bit,  or,  as  is  the  case 
with  many  Sauria,  the  whole  "  skin  "  is  cast  in  one  piece. 


Fto,  264,    Section  through  the  scale  of  a  Lizard. 
1.   EpitrichUl  layer.        2.   Heavily  comified  cells  fanning  the  scale.       3.   Pig- 
menl  cell.         4.   Ordinary  cells  of  homy  layer.         Q.    Malpighian  lay^r. 
6.  Dermis. 

The  dermal  glands  so  characteristic  of  the  Amphibia  have 
almost  totally  disappeared,  being  restricted  to  a  small  area,  as,  for 
instance,  the  front  of  the  thigh  in  a  lizard.  It  follows  that  a  reptile 
J8  essentially  a  dry-skinned  animal  and  by  no  means  a  "slimy 
beast." 

Besides  the  structure  of  the  skin  Beptiles  are  distinguished  from 
Amphibia  by  many  other  points  in  the  anatomy.  Thus  the  skull 
has  a  larger  number  of  cartilage-bones,  and  includes  also  a  longer 
region  of  the  vertebrae  within  itself,  for  the  hypoglossal  nerve 
(see  p.  417)  is  now  a  cranial  nerve.  The  skull  articulates  wi^i  the 
vertebral  column  by  one  condyle.  In  the  heart  the  coiius  arteriosus 
has  disappeared  and  the  ventricle  is  partly  divided.  The  sexual 
part  of  the  kidney  is  entirely  disjoined  from  the  asexual. 
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The  lungs  have  to  some  extent  acquired  a  spongy  texture,  asd 
the  mechanism  for  inhaling  and  exhaling  air  is  usually  to  be  found 
in  the  ribs,  not  in  the  hyoid  or  remains  of  the  hinder  visceral 
arches,  as  in  the  Amphibia. 

Living  Reptiles  are  divided  into  five  orders,  of  which  one 
consists  only  of  one  species,  Sphenodon  punctalus,  found  in  New 
Zealand.  This  animal  is  the  type  of  the  order  (i)  Rhynco- 
cephala,  and  is  especially  interesting  as  not  only  being  to  some 
extent  intermediate  in  structure  between  other  orders  of  living 
Reptiles,  but  as  recalling  very  closely  the  structure  of  some  of  the 
oldest  fossil  Reptiles  known  to  ns;  indeed  it  retains  in  many  re- 
spects a  structure  which  we  believe  was  possessed  by  the  common 
s  of  the  remaining  four  gioups. 

:e  orders  are  the  (ii)  Lacertilia  (Lizards),  the  (iii)  Opbidia 
I,  the  (iv)  Chelonia  (Turtles  and  Tortoises),  and  lastly  the 
(v)  Crocodilia  (Alligators  and  Crocodiles).  Of  these  four  orders 
only  the  second  and  third  are  represented  in  Great  Britain,  and 
these  by  very  few  species;  in  North  America  the  last  four  are  well 
represented.  Of  the  five  orders,  the  Lacertilia  and  the  Ophidia  are 
the  most  closely  related  and  they  are  often  grouped  together  under 
the  same  term  8AURIA. 

As  type  we  may  select  the  common  lizard,  Lacerta  vivijyara, 

which    may  be  seen  on  very  warm  days  disporting 

LB™n«"''     itself    in   sandy    and    stony  places    in   the    South  of 

England.     On   the   Continent  it  and   allied  species 

are  far  more  abundant;  in  the  South  of  Europe  in  summer  the 

whole  country  is  alive  with  lizards.     Almost  every  step  in  the 

country  caiises  two  or  three  specimens  to  rush  rapidly  away  into 

some  retreat,  either  a  hole  under  a  stone  or  a  cleft  in  the  hark 

of  a  tree. 

The  English  Lizard  has  roughly  the  shape  of  a  Newt,  but  there 
is  a  distinct  neck  region  in  front  of  the  fore-limb,  and  the  limbs  are 
sufficiently  powerful  to  completely  raise  the  belly  well  above  the 
ground,  and  also  to  run  at  a  comparatively  rapid  rate.  Both  manus 
and  pes  have  five  digits,  which  end  in  sharp  claws.  The  body  is 
covered  all  over  with  minute  scales  (Fig.  254),  of  which  the  prevail- 
ing colour  is  reddish  brown  above,  and  orange  passing  into  yellow 
beneath.  On  the  ventral  surface  and  the  top  of  the  head  the  scales 
are  larger  and  arranged  in  pairs.  The  ear-drum  is  situated  at  the 
bottom  of  a  slight  pit,  this  is  the  first  appearance  of  the  outer 
ear.     It  is  not  developed  in  all  Reptiles. 
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The  cloaca  is  a  transverse  slit  at  the  root  of  the  tail  behind  the 
hind  pair  of  legs.  In  front  of  the  thigh  the  scales  are  perforated  by 
a  row  of  pores,  the  openings  of  the  only  dermal  glands  which  the 
lizard  possesses. 

Turning  at  once  to  the  skeleton,  we  find  that  the  vertebral 
column  consists  of  procoelous  vertebrae.  All  the 
vertebrae  articulate  with  one  another  by  overlapping 
facets  called  pre-  and  post-zygapopbyses,  as  in  Amphibia. 
Although  externally  similar  to  the  vertebrae  of  Amphibia,  the 
vertebrae  of  the  Lizard,  and  of  Reptiles  generally,  are  formed  of 
different  elements.  Thus  the  basi-dorsal  and  inter-dorsal  have  been 
suppressed,  whilst  the  basi-ventral  forms  an  inter- vertebral  disc  of 
cartilage  which  in  the  tail  bears  a  pair  of  pi-ocesses  united  with  one 
another  to  form  a  Y-shaped  chevron  bone,  recalling  in  its  shape 
the  haemal  arches  of  fish.  In  the  neck  region  the  basi-ventrals 
bear  each  a  bony  wedge  which  is  called  the  sub-vertebral  wedge 
Ijone.  The  centrum  is  formed  by  the  iuter-ventral,  the  very 
element  which  is  suppressed  in  the  tiunk-vertebrae  of  Amphibia. 
The  rib  has  shifted  its  position  so  that  the  capitulum  is  attached  to 
the  front  end  of  the  centrum  (inter- ventral)  behind  the  basi-ventral 
to  which  it  belongs.  The  tubercular  attachment  is  represented  by 
ligament.  There  are  two  sacral  vertebrae  which  have  expanded 
transverse  processes  with  which  the  ribs  are  fused.  Behind  these 
come  the  vertebrae  of  the  tail — the  caudal  vertebrae.  Each  of 
these  bones  is  made  up  of  two  halves,  an  anterior  and  a  posterior, 
which  are  but  loosely  connected  with  one  another.  The  consequence 
is  that  when  a  Lizard  is  seized  by  the  tail  this  organ  snaps  in  two, 
one  of  the  vertebrae  breaking  into  an  anterior  and  a  posterior  half. 

All  vertebrae  in  front  of  the  sacrum,  except  the  first  two,  have 
distinct  ribs  attached  to  their  transverse  processes.  The  first  two 
are  called  respectively  the  atlas  and  axis  vertebra.  The  first  is  as 
in  the  case  of  Amphibia  a  mere  ring.  It  is  composed  of  the  first 
p^r  of  neural  arches  united  with  the  first  pair  of  basi-ventrals,  and 
is  therefore  to  a  certain  extent  homologous  with  one  of  the  inter- 
vertebral discs.  The  second  has  a  well-marked  centrum,  to  the 
front  of  which  is  attached  a  peg-like  process  —  the  so-called  odon- 
toid process  which  projects  through  the  ring  of  the  atlas.  This 
odontoid  process  is  quite  unrepresented  in  the  Amphibia,  but  it  is 
characteristic  of  all  Reptiles  and  Birds  and  Mammals.  It  is  formed 
by  the  first  pair  of  inter-ventrals,  and  is  therefore  the  first  centrum. 
In  young  specimens  it  can  be  seen  to  be  separated  from  the  centrum 
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of   the  second  vertebra  by  an   i 
second  pair  of  basi-ventrala. 


[chap. 
isified  disc  representing  the 


The  ribs  in  front  of  the  pectoral 
girdle  remain  quite  short  —  this 
region  is  the  cervical  or  neck  region. 
Immediately  behind  the  pectoral 
girdle  the  ribs  are  very  long  and 
curved  so  as  to  half  encircle  the 
body  like  the  hoops  of  a  barrel. 
The  foi-emost  have  attached  to  their 
lower  ends  cartilaginous  bars  —  the 
sternal  ribs  —  which  are  in  turn 
united  witli  a  cartilaginous  sternum 
in  the  middle  line.  This  structure 
has  the  form  of  a  lozenge-shaped 
plate  with  a  hole  in  the  middle, 
ending  behind  in  two  forks  to  which 
some  of  the  posterior  sternal  ribs 
are  attached.  The  whole  st«rnum 
has  arisen  from  the  junction  of  the 
sternal  ribs  one  with  another.  First 
those  of  the  same  side  unite  to  form 
a  sternal  band  and  then  these  two 
unite  in  front,  but  remain 
'■  behind.  The  hole  in  the 
middle  also  is  a  place  where  they  do 
not  uuite. 

The  sknll  is  distinguished  from 
the  Amphibian  skull  by  many 
features.  The  jaws  do  not  arch  outwards  at  the  sides  of  the 
craniiun,  as  in  the  frog,  but  are  bent  inwards  underneath  it. 
Behind,  the  cartilage  of  the  cranium  is  completely  replaced  by  four 
imnes  —  by  the  supraroccipital  above  the  foramen  magnum,  the 
ex-occipitals  at  the  sides  of  this  opening,  and  the  basi-occipital 
bsneath.  This  last  bone  bears  a  single  knob  or  condyle  which 
articulates  with  the  atlas  vertebra.  To  the  formation  of  this  con- 
dyle the  ex-occipitals  in  some  degree  contribute.  The  basi- 
occipital  and  the  single  condyle  and  the  supra-occipital  are  highly 
characteristic  of  all  Reptilia  —  as  is  also  the  basisphenoid  bone. 
This  is  a  bone  replacing  the  cartilaginous  floor  of  the  cranium  just 
.  in  front  of  the  basi-occipital.     The  paraaphenoid  so  characteristic 


FiQ.  2o').     Ventral   view  of   the 

Hhoulder-girdle  ttnd  Ht< 

a  Lizard,  Lofmaiirtug  loayipea 
X  2.     After  Farter. 
1.   Inierclavicle,         2.  Clavicle. 

3.  Scapula.  4.   Coracoid. 

6.  Pre-coracoidal    process. 

6.  Glenoid  cavity.     7.  Steraum. 

8.  Sternal    bands   not  united. 

0.  Sternal  rib. 
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of  Amphibia  ia  reduced  to  a  mere  splint  attached  to  the  front  of  the 
basis  phenoid. 

The  anterior  part  of  the  cranium  is  so  compressed  between  the 
large  eyes  that  its  cavity  completely  disappears  and  it  becomes  re- 


Fio.  256.    A,  lateral  v 

1.  Premaxllla.  2.  Maxilla.  3.  Kasal,  4.  Lateral  ethmoid.  5.  Siipra- 
orbitaL  0.  Lachrymal.  7.  Frontal.  8.  rosLfnmtat.  it.  l^froiital. 
10.  BaaiBphenoid.  11.  rro-olic.  12.  Epi-olic.  i;i.  Iterypoid. 
14.  Epiplerygoid  (columella  eratiii).  15.  Jupal.  16,  Transverse  bone. 
17.  I'araBpheiioid.  18.  Quadrate.  19.  I'arietal.  20.  Squamosal. 
21.  Supraicmporal,  22.  Ei-occipital.  23.  Dentary,  24.  Spleiiial, 
25.  Supra-angular.  26.  Angular.  27.  CoronoiO.  28,  Articular. 
m    Vomer.         30.    Baai-occipital.       31.    Orbitosphenoid. 

placed  by  a  vertical  sheet  of  membrane,  the  inter-orbital  septum. 
It  follows  that  in  the  dried  skull  the  two  orbits  apparently  open  widely 
into  one  another.    Almost  the  entire  brain  is  pushed  back  behind  the 
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eyes  into  the  hinder  part  of  the  cranium.  Only  the  olfactory  stalks 
run  through  holes  In  the  upper  pai-t  of  the  septum.  The  orbito- 
sphenoid  of  Urodela  and  the  sphenethmoid  of  the  frog  are  quite 
unreptesented,  though  in  some  of  the  lai^cr  lizards  allied  to  Lacerta 
there  is  a  minute  orbitosphenoid  bone  in  the  upper  pai-t  of  the 
inter-orbital  aeptum  (31,  Fig.  256).  The  inter-orbital  septum  is 
certainly  a  characteristic  of  the  primitive  Eeptilia.  It  has  however 
been  lost  in  some  of  the  most  recent  and  highly  modified  forms. 

The  auditory  capsule  as  in  Teleostei  is  completely  converted 
into  bone,  but  it  is  ossified  by  three  bones  only,  an  epi-otio  above, 
which  fuses  with  the  supra-occipital,  an  opisthotic  behind,  which 
joins  the  ex-occipital,  and  a  pro-otic  which  remains  distinct. 
There  is  no  trace  of  the  pterotic  bone  so  characteristic  of  Teleostei. 

As  in  Amphibia  the  first  visceral  arch  is  represented  by  an  upper 
half  consisting  of  a  suspensorium  with  a  pterygoid  process,  and  a 
lower  half  —  Meckel's  cartilage.  In  the  upper  half,  however,  the 
cartilage  is  completely  replaced  by  bone.  The  suspensorial  portion 
forms  the  quadrate  bone,  which  is  attached  to  the  side  of  the 
auditory  capsule.  The  pterygoid  process  is  completely  ossified  by 
the  pterygoid  bone  behind  and  the  palatine  in  front. 

A  curious  bone  characteristic  of  the  Laccrtilia  excluding  the 
AMPHiSBAEXinAE,  and  called  the  epipterygoid  or  columella 
bone,  runs  from  the  pterygoid  vertically  up  to  the  parietal.  This 
bone  is  however  only  found  in  some  Lacertilia,  not  in  Reptiles 


The  two  pterygoid  bones,  however,  instead  of  arching  outwards 
converge  under  the  base  of  the  cranium,  and  they  articulate  with 
outgrowths  from  the  basisphenoid,  called  basipterygoid  processes. 
The  palatines  are  united  in  front  with  the  floor  of  the  nasal  capsule : 
they  bear  on  their  inner  sides  slight  ridges  which  project  somewhat 
into  the  cavity  of  the  mouth.  These  ridges  support  a  flap  of  the 
lining  of  the  mouth,  the  palatal  flap,  which  is  most  characteristic 
of  all  Reptilia  but  is  not  found  in  any  Amphibian  (Fig.  259).  It  is 
a  first  trace  of  the  process  which  ends  in  the  higher  animals  and 
even  in  some  Reptiles  in  the  division  of  the  mouth-cavity  into  an 
upper  air-passage  and  a  lower  food-passage. 

The  end  of  Meckel's  cartilage  which  articulates  with  the  quad- 
rate is  converted  into  a  bone,  the  articnlare.  Three  pairs  of  the 
hinder  visceral  arches  are  preserved.  These  retain  their  rod-like 
form  as  in  Urodela,  the  median  connecting  pieces  (oopulae)  remain- 
ing small. 
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The  membrane-bones  of  the  skull  are  one  of  its  most  character- 
istic features.  The  roofing  bones  are  the  same  as  in  the  Urodela — 
paired  nasals,  frontals,  and  parietals.  On  the  roof  of  the  mouth 
there  are  two  vomers  and  a  parasphenoid.    The  vomers,  however, 


Fio.  267.  Diagram  of  the  cranial  roof  In  a  Stegocephalian,  various  tjrpes  of 
Reptiles,  and  a  Bird,  slioniug  uiodificatioiia  ia  Lbe  p6sterci-laCeral  region. 
From  Smith  Woodward, 

A.  StegoceplialiaD  (JtiattndonxauTUB  fjignnleun.  about  oiie-iifieenth  nat,  itiie, 
after  E.  FraasJ.         11.    Generalised   liliynchoceplialian  and  Crocodilian. 

C.  Generalised  I.acertilian,  often  losing  even  tlie  arcade  here  indicated. 

D.  Generalised  Bird.       /r.   Frontal.       J.   Jugal.        I,    Lateral  temporal 
fossa.      lit.   Lachrymnl.      mx.   Maxilla,      n.   Karial  opening,      nn.   Nasal. 

0.  Orbit,    pit.   Parietal,    pmx.  Premaxllla.     prf.   Prefrontal,      jitf.   I'osu 
frontal,       pin.    FoKi«rb)tal.        q.j.    Qiu>(lrat<>-iuga1.        qii.    Quadrate, 

1.  $upral«mporal  fossa.        s.t.   Snpratemporals.        gq,    SquainosaJ.     Va- 
cuities shaded  with  vertical  lines,  cartilage-bones  dotted. 

are  rod-like,  tootliless,  and  placed  close  together,  and  the  para- 
sphenoid is  a  small  rudiment. 

The  bones  of  the  side  of  the  head  and  the  upper  lip  form  a  most 
peculiar  scaffolding  which  is  widely  separated  from  the  cranium. 
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The  Lizard  is  in  an  intermediate  condition  between  the  Stego- 
cephala,  where  a  continuous  sheet  of  bones  extends  from  the 
cranium  to  the  upper  tip,  and  modern  Amphibia,  where  all  those 
bones  have  disappeared,  leaving  a  large  vacuity  between  the 
cranium  and  upper  tip. 

In  front  in  the  upper  lip  there  is  a  premaxilla  bearing  teeth 
followed  by  a  maxilla  in  which  thei-e  are  also  teeth.  The  maxilla 
is  joined  to  the  pterygoid  by  an  ectopterygoid  or  transverse  bone. 
Between  the  maxilla  and  frontal  on  the  side  of  the  face  are  two 
bones  known  as  prefrontal  and  lachrymal.  The  line  of  bones 
in  the  upper  lip  is  continued  by  the  jugal.  This  unites  with  a 
bone  placed  behind  the  eye  termed  the  postfrontal,  which  joins 
both  the  frontal  and  parietal.  Thus  the  eye  is  surrounded  by  a 
ring  of  bone. 

The  squamosal  is  a  characteristic  V-shaped  bone.  The  apex  of 
the  V  articulates  with  the  upper  side  of  the  quadrate :  of  the  two 
arms  one  is  directed  forwards  and  meets  the  postfrontal,  thus 
forming  a  bony  bar  parallel  to  the  cranium  which  is  called  the 
upper  temporal  aicade.  The  other  limb  is  directed  backwards  and 
inwards  and  meets  a  crest  on  the  parietal  so  tliat  a  bridge  is  formed 
extending  over  the  hinder  pai't  of  the  cranium.  The  space  in  the 
dried  skull  existing  between  this  bridge  and  the  cranii;m  is  called 
the  post-temporal  fossa.  In  many  reptiles,  including  most 
Lacertilia,  there  is  a  similar  space  between  tlie  cranium  and 
the  lateral  bridge  formed  by  the  junction  of  the  squamosal  and 
postfrontal.  This  space  is  roofed  over  in  Lacerta  by  two  membrane- 
bones  called  supratemporals,  but  when  uncovered  it  is  known  as 
the  supratemporal  fossa. 

Finally,  the  apace  intervening  between  the  quadrate  and  jugal 
on  the  side  of  the  face  is  known  as  the  latero-temporal  fossa.  In 
Spkenodon,  Crocodilia,  and  a  very  large  number  of  extinct  reptiles 
it  is  bounded  below  by  a  quadrato-jugal  bone  which  joins  the  jugal 
to  the  quadrate.  When  the  quadrato-jugal  ia  present  the  series  of 
bones  consisting  of  maxilla,  jugal,  and  quadrato-jugal  is  known  as 
the  lower  temporal  arcade.  The  upper  temporal  arcade  is  formed 
as  we  have  seen  by  the  postfrontal  and  the  squamosal.  The  loss  of 
the  quadrato-jugal  in  Lacertilia  is  doubtless  connected  with  the 
greater  mobility  of  the  jaws.  In  some  lizards,  notably  in  Geckos, 
the  quadrate  can  move  slightly  on  its  articulation  with  the  skull, 
as  can  also  the  pterygoid  on  the  basipterygoid  process.  When 
the  lower  jaw  is  pulled  dovrawards  and  backwards  by  its  depressor 
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muacle  it  tends  to  throw  the  lower  end  of  the  quadrate  slightly 
forwards ;  the  pterygoid  slides  on  the  basisphenoid,  and  pushing  the 
ectopterygoid  tilts  the  maxilla  slightly  upwards.  With  the  maxilla 
all  the  other  bones  of  the  face  move,  and  the  membranous  inter- 
orbital  septum  permits  the  ethmoidal  region  of  tlie  cranium  to  be 
slightly  bent  on  the  hinder  one. 

The  cartil^nous  lower  jaw  is  ensheathed  by  five  distinct  mem- 
brane-bones. The  dentary  and  splenial  occupy  tlie  same  positions 
as  in  Teleostomi  and  Urodela.  The  angular  clamps  the  under  side 
of  the  articulare,  the  cartilage-bone  replacing  the  upper  end  of  the 
cartilage.  The  supra-angular  lies  above  the  angular  on  the  outer 
side  of  the  articular.  The  coronoid  is  a  small  projection  on  the 
upper  edge. 

The  pectoral  girdle  is  at  first  sight  exceedingly  complicated,  but 
in  reality  it  consists  of  the  same  parts  as  in  the  Anura.    Above  the 
cavity  for  articulation  of  the  arm  —  the  glenoid  cavity — there  is  the 
cartilaginous  scapula;  below,  the  girdle  forks  into  a  coracoid  and 
procoracoid  united  by  an  epicoracoid.     The  cartilage-bones  present 
are  the  scapula,  precoracoid,  and  coracoid.    The  cartilage  above  the 
scapular  bone  is  slightly  hardened  by  lime  but  is  not  converted  into 
bone;  this   region  as   in   Amphibia  is  called   the   supra-scapula. 
Along  the  inner  edge  of  the  supra-scapula,  scapida  and  precoracoid 
runs    a    strong    membrane-bone,    the 
clavicle,  which  reaches  a  median  bone, 
the  T-shaped  interclavicle.     This 
bone  underlies  the  sternum.     The  two 
epicoracoid  cartilages  join  the  anterior 
edges  of  the  sternum  (Figs.  265  and 
258). 

The  space  between  the  coracoid 
and  precoracoid  is  called  the  coracoid 
fontanelle.     Since  in  the  Urodela  it  is 

not  closed  by  an  epicoracoid  it  may     ^     „.„     ,        ,   , 

.    ,  ,  .    ,  .        Vio.  268.    Later&l  view  of  tha 

be  regarded  as  a  bay  or  indentation  m         ghoutder-girdle  of  Varanui 
the  lower  half  of  the  originally  simple        ^  i- 
pectond  girdle.    Th.  condition  of  at.     '■  tSS°^,4:  ^'tt 
fairs  in  Urodela  throws  considerable        racoid.   5.  Clavicle.   6.  In- 
light  on  what  occurs  in  certain  other         wrclavide.  7.  Precoracoidal 

°  process. 

Lacertilia,  such  as  the  American  Igu- 
ana.    There  we  find  that  a  similar  deep  indentation  has  become 
developed  on  the  inner  side  of  both  scapula  and  coracoid,  so  that 
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projections  are  formed  to  which  the  names  meso-scapula  and 
meao-coracoid  have  been  given.  These  are  not  ossified  by  sepa- 
rate bones  but  are  regions  of  the  scapula  and  coracoid  bones. 

The  fore-limb  of  the  lizard  might  be  taken  as  the  type  of  the 
pentadartyle  limb,  since  there  are  five  fingers  and  the  carpus  has 
all  the  nine  bones  developed. 

The  pelvic  girdle  differs  markedly  from  that  of  any  Amphibian, 
in  that  in  its  lower  portion  there  is  a  hole  called  the  obturator 
foramen,  corresponding  to  the  coracoid  foramen  in  the  pectoral 
girdle.  The  gii-dle  is  ossified  by  three  bones,  viz.  a  vertical  ilium 
articulating  with  the  ribs  of  the  sacral  vertebrae,  a  pubis  ossifying 
the  anterior  limb  of  the  lower  halt  of  the  girdle  and  an  ischium 
ossifying  the  posterior  limb.  Both  pubis  and  ischium  meet  their 
fellows  in  the  middle  line ;  such  a  union  is  termed  a  symphysis. 
The  two  obturator  foramina  are  closed  below  and  at  the  same  time 
separated  from  one  another  by  a  longitudinal  ligament  which  may 
have  a  certain  amount  of  ossification  in  it.  All  three  bones  eon- 
tribute  to  the  formation  of  the  acetabulum,  the  cavity  for  the 
articulation  of  the  femur. 

The  presence  of  the  obturator  foramen  and  a  distinct  pubis  is 
characteristic  of  all  Reptiles,  Birds,  and  Mammals,  and  at  once 
discriminates  them  from  Amphibia. 

On  the  hinder  edge  of  the  pubis  there  is  a  projection  which  is 
called  the  lateral  process.  In  some  extinct  reptiles  this  process  was 
extraordinarily  long  and  ossified  by  a  distinct  bone,  which  has  been 
called  the  post-pubis.  It  is  the  post-pubis  which  forms  the  so- 
called  pubis  of  Birds  and  Mammals. 

The  most  marked  feature  of  the  hind-limb  is  the  formation  of  a 
sharply-marked  "  ankle"  joint.  There  is  one  place  and  one  only  where 
the  foot  bends  on  the  shank;  whereas  in  Urodela  bending  can  take 
place  at  any  place  in  the  mosaic  of  small  bones  whichforms  the  tarsus. 

In  the  lizard  all  the  three  up])er  bones  of  the  tarsus  are  joined 
to  form  a  horizontal  bar.  The  lower  bones  have  almost  entirely 
coalesced  with  the  corresponding  metatarsals,  only  the  third  and 
fourth  of  the  series  being  distinguishable.  Thus  the  lizard  has  what 
has  been  called  an  in  ter- tarsal  joint — an  arrangement  which  is 
highly  characteristic  of  many  Reptiles  and  of  all  Birds. 

All  trace  of  the  division  of  the  muscles  into  myotomes  has 

disappeared,  but  the  innermost  layer  of  the  muscles 

of   the   flanks   has   become   divided   secondarily   into 

series  of  bands  connecting  each  rib  with  its  successor.     These 
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bands  are  termed  the  intercostal  muscles  and  each  consists  of  an 
external  aud  an  internal  layer  of  fibres.     The  fibres  of  the  external 
layer  slope  upwards  and  forwards 
and,  in  contracting,  cause  the  ribs 
to  rotate   forwards ;    the  fibres  of 
the  inner  layer  slope  upwards  and 
backwards   and   have   the   reverse 
effect.     Respiration  is  effected  by 
the  pulling  forwards  and  backwards 
of   the    ribs   by   these   intercostal 
muscles.     In  their  relaxed  condi- 
tion the  ribs  slant  strongly  back-     « 
wards.       When    they    are    pulled 
forwards  by  muscles  attaching  them 

to  the  anterior  vertebrae  and  by  *• 

the  external  intercostals,  they  ro- 
tate forwards  so  as  to  stand  out 
at  right  angles  to  the  vertebral 
column  aud  thus  enlarge  the  cavity 
of  the  chest,  that  is  of  the  coelom. 
The  lungs  which  project  into  the 
coelom  tend  to  expand  also  —  the 
air  they  contain  is  under  diminished 
pressure  and  hence  air  rushes  in 
through  the  glottis  to  equalise  the 
pressure  inside  with  the  atmospheric 
pressure.  The  lungs,  which  are 
comparatively  short  sac-like  organs, 
are  thus  filled.  The  network  of 
low  ridges  which  is  found  already 
on  the  inner  side  of  the  Frog's 
lung  has  here  greatly  increased  in 
complexity.  The  primary  ridges  are 
much  higher,  and  between  them  are 
lower  secondary  and  even  tertiary 
ridges :  the  cavity  of  the  lung  is  as 
it  were  partly  filled  up  by  a  spongy 
mass.  Iq  all  Saurians  however  the 
central  cavity  is  easily  recognised 
as  a  wide  space :  whilst  in  Crocodiles  and  Tortoises,  still  more  so  in 
BirdsandMammaIs,itis  represented  only  by  the  bronchial  tubes. 


Fn.2&9.  Open  mouth  of  larRnut 

indicjis  X  1. 
1.  Foflt«riar  or  iniemal  nares. 
2.  Palatal  foldB.  3.  Iiiienial 
opening  of  Euetachitin  tubes. 
4.  Opening  of  oesophagus.  S. 
Glottis.  6.  Tongue  hnlf  pro- 
truded.   7.  Teeth  of  lower  jaw. 
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The  lungs  are  connected  with  the  glottis  by  a  comparatively 
long  stalk,  the  trachea  or  windpipe,  which  is  stiffened  by  rings 
of  cartilage.  A  similar  structure  is  found  amongst  Amphibia  in  the 
Gymnophionaand  in  a  few  Urodela.  Immediately  below  the  glottis 
the  trachea  is  enlarged.  The  enlai'ged  portion  is  stiifeQed  by  a  large 
broad,  ring-shaped  cartil^e,  the  cricoid,  to  which  are  articulated 
two  arytenoid  cartilages.  The  whole  structure  consisting  of  the 
dilatation  of  the  trachea  and  its  cartilages  is  called  the  larynx. 

The  Lizard  like  the  Frog  lives  principally  on  insects  and  is  pro- 
vided with  a  long  mobile  tongue  cleft  at  the  tip,  by  means  of  which 
the  prey  are  whisked  into  the  mouth.  The  tongue  is  free  in  front 
and  attached  behind,  the  opposite  arrangement  to  what  is  found  iu  the 
Frog.  The  teeth  are  simple  and  conical,and  are  implanted  in  a  groove 
on  the  inner  side  of  the  bones  "bearing  them.  As  the  Lizard  grows 
they  become  actually  fused  with  the  bone  along  the  side  of  the  groove. 
When  a  Frog's  mouth  is  forced 
open,  amongst  the  most  striking  fea- 
tures of  the  roof  of  the  mouth  are  the 
two  large  eyeballs  shining  througL 
When  we  open  the  mouth  of  a  lizard 
nothing  of  the  eyes  can  be  seen.  There 
is  projecting  inwards  from  the  upper 
lip  on  each  side  a  flap,  the  palatal 
flap.  This  does  not  meet  its  fellow  in 
the  middle  line,  a  cleft  existing  between 
them.  These  flaps  conceal  the  eyeballs 
and  the  inner  openings  of  the  Eus- 
tachian tubes  which  lead  up  to  the 
ear-drum.  Palatal  flaps  as  already 
mentioned  are  found  in  all  Reptilia. 
Turning  now  to  the  circulatory 
system  we  find  that  the  conns  arteri- 
osus no  longer  exists  as  such,  having 
been  cleft  into  three  trunks  down 
to  its  commencement  in  the  ventri- 
cle. One  of  these  trunks  is  ventral 
and  slightly  posterior  to  the  others, 
and  gives  rise  to  the  two  arterial  arches, 
which  as  pulmonary  arteries  supply  the  lungs  and  have  no  con- 
nection with  the  aorta.  The  other  two  arterial  trunks  form  the 
right  and  left  roots  of  the  aorta.     They  cross  each  other  at  their 


Flo.  260.  DlaKram  of  arterial 
arch  of  LacfHtx  viewed  from 
ventral  aspect. 

I.  Firslarterial  arch.  II.  Second 
arterial  arch.  IV.  Fourth 
arterialarcli.  16.  Pulmonary 
artery.  16.  Dorsal  aona. 
17.  Right  auricle.  18.  Left 
auricle.     19.  Ventricle. 
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origin,  that  which  passes  to  the  right  of  the  oesophagus  arising  from 
tlie  left  of  the  ventricle  and  rice  ver»d.  The  first  pair  of  arterial 
arches,  corresponding  to  the  carotid  arches  of  Amphibia,  are  well 
developed  in  the  Lizard.  They  have  a  common  stem  which  arises 
from  the  right  aortic  trunk.  After 
passing  to  the  sides  of  the  oeso- 
phagus they  give  ofE  the  carotid 
arteries ;  they  then  join  the  roots 
of  the  aorta,  so  that  in  this  respect 
the  Lizard  is  more  primitive  even 
than  the  Newt.  This  feature  is, 
however,  found  in  no  other  order 
of  reptiles,  and  is  even  wanting 
in  some  genera  of  the  Lacertilia. 

The  ventricle  has  projecting 
into  its  cavity  two  imperfect  par- 
titions, or  septa.  One  is  the  con- 
tinuation of  the  division  between 
the  two  auricles,  the  other  is  a 
ridge  which  arises  from  the  ventral 
side  and  tends  to  separate  the 
opeuing  of  the  pulmonary  arteries 
from  that  of  the  right  and  left 
aortic  ai-ches.  When  the  ventricle 
at  first  begins  to  contract  it  is  full 
of  impute  blood  from  the  right 
auricle:  by  the  time  purified  blood 
has  commenced  to  enter  it  fi-om 
the  left  auricle,  the  ventral  septum 
mentioned  above  has  been  driven 
against  the  opposite  wall,  so  as 
to  shut  off  the  pulmonary  trunk 
from  the  rest  of  the  ventricle  and 
prevent  its  receiving  any  more 
blood.  The  left  aortic  arch,  which 
arises  OD  the  right,  receives  mostly 
impure  blood  from  the  right 
auricle,  the  right  aortic  arch  pure  blood  from  the  left  auricle,  and 
it  is  from  this  arch,  as  mentioned  above,  that  the  carotid  arteries 
arise.  Hence  the  head  receives  comparatively  pure  blood,  and  all 
the  rest  of  the  body  mixed  blood. 


Fio.  261.  DiagTBin  toshowarnuige- 
menL  of  the  priiicjijal  veins  in  the 
Anum  anii  Heptilia. 

1.  Sinus  venosus,  gradually  dis- 
appearing In  the  higher  forms. 
2.  DuctuHCuvieri^siiperiorvena 
cava.  3.  Internal  juguInT=anl«- 
rior  cardinal  sinus.  4.  External 
jugular =Bub- branchial.  !3.  Sub- 
clavian. 6.  Posterior  caidinal, 
front  part=vena  azygoB.  7.  In- 
ferior vena  cava.  8.  Renal  portal 
=hinder  part  of  posterior  car. 
dinal.  9.  Caudal.  10.  Sciatic 
=  lDt«mal  Iliac.  11.  Pelvic.  12. 
Anterior  abdominal.  13.  Femo- 
ral=eit«mal  lilac. 
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The  veins,  on  the  whole,  closely  resemble  those  of  Molge. 
There  is  no  large  cutaneous  vein,  however,  autl  the  anterior  part 
of  the  posterior  cardinal,  now  called  the  vena  azygos,  is  only  found 
on  the  right  side,  where  it  receives  the  numerous  intercostal  veins, 
returning  the  blood  from  the  muscles  connecting  the  ribs.  The 
renal  portal,  sciatic,  femoral,  and  anterior  abdominal  veios  have 
the  same  an-angement  as  in  the  Urodela. 

The    brain     is    distin- 
guished   by    the    compar- 
atively  large    size  of  the 
I  cerebral    hemispheres, 

which  overlap  the  thala- 
mencephalon  above  and  at 
the  sides.  They  end  in 
front  in  large  pear-shaped 
olfactory  lobes.  The  cere- 
bellum is  a  high  vertical 
ridge,  very  much  better 
developed  than  in  any 
Amphibian.  The  remain. 
der  of  the  hind  -  brain, 
the  medulla  oblongata,  in- 
cludes a  longer  portion  of 
the  spinal  cord  than  it 
does  in  Amphibia,  for  the 
hypoglossal  nerve  arises 
from  its  side  and  escapes 
through  an  aperture  in  the 
ex -occipital  bone.  This 
nerve  is  reckoned  the 
twelfth  cranial,  not  the 
eleventh,  for  there  is  a 
trunk  called  the  spinal  ac- 
cessory or  eleventh  cranial. 
This  arises  by  several  roots 
le  side  of  the  me- 
dulla oblongata,  joins  the 
v^us  in  a  ganglion,  and  then  leaving  the  skull  supplies  some  of 
the  neck  muscles.  In  the  Chelonia  this  nerve  is  not  distingdishable 
from  the  vagus. 

In  the  genital  organs,  the  Lizard  and  Reptiles  generally  are 


Fig.  262.  Vrlno-g%nita1  organs  of  Male 
i-htard. 

1.  Testis.  2.  Vas  deferens^archinephric 
duct,  3.  Ep1dl<]ymi3=  (mesonephros). 
4.  Kidney  =:inetanephToa.  5.  , Ureter. 
6.  Bladder.  7.  Kectum  cut  And  turned 
back.  8.  Cloaca  laid  open.  9.  Opening 
of  vas  deferens.  10.  Groove  leading  to 
openingof  penis.     II.  Penis.     12.  I>arsa1 
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distinguished  from  Amphibia  by  the  complete  separation  of  the 
inesonephros  from  the  metanepliros  or  functional  part  of  the  kidney. 
The  raesonepbros,  now  known  as  the  epididymis,  is  ouly  de- 
veloped in  the  male,  where  it  is  closely  connected  with  the  testis. 
As  in  the  Newt  it  receives  the  vasa  efferentia.  In  the  female  the 
oviduct  is  shorter  and  has  a  wider  internal  funnel  than  in  the 
Amphibia,  and  it  is  also  placed  further  back,  so  as  to  be  rather 
nearer  to  the  ovary.  This  is  au  arrangement  suited  to  the  large 
size  of  the  eggs,  which  are  too  heavy  to  be  drawn  any  distance  by 
the  current  produced  by  the  cilia  of  the  oviduct. 

The  egg  is  fertilised  whilst  still  in  the  oviduct.  The  male  lizaid 
has  two  organs  called  copulatory  sacs  or  penes,  situated  one  on 
each  side,  on  the  hinder  wall  of  the  cloaca.  These,  when  not  in 
use,  are  hollow  pouches  opening  into  the  cloaca.  When  in  use  they 
are  turned  inside  out,  and  are  then  seen  to  have  grooves  leading  to 
the  openings  of  the  vasa  defeientia  or  archinephric  ducts. 

Most  lizards  lay  their  eggs  in  crevices  amongst  stones,  and 
allow  them  to  be  hatched  by  the  heat  of  the  sun.  In  all  cases  a 
considerable  amount  of  developement  goes  on  before  they  are  laid. 
In  the  English  species  Lacerta  vivipara  the  young  burst  through 
the  egg-shell  and  use  up  all  the  yolk  whilst  they  are  still  in  the 
oviduct,  so  that  in  common  parlance  they  are  born  alive,  that  is, 
as  little  lizards,  and  not  as  eggs. 


Order  I.   Rhyuchocephala 

As  mentioned  above,  the  order  Bhynchocephala  is  represented 
by  the  single  species,  Sphenodon  punctatus,  found  only  in  New 
Zealand.  This  is  a  very  iiiard-like  animal.  The  back  is  covered 
with  small  scales  which  in  the  middle  line  form  a  comb-like  crest: 
the  belly  is  covered  with  large  square  scales.  In  the  skeleton  and 
male  genital  organs,  hosvever,  Sphenodon  is  widely  different  from 
the  Lizard.  The  quadrate  in  the  skull  is  quite  immoveable,  being 
firmly  clamped  by  the  squamosal  and  quadrato-jugal.  The  latero- 
temporal  fossa  is  thus  completely  bounded  below  and  the  supra- 
temporal  fossa  ia  uncovered.  Between  the  parietals  is  a  gap  called 
the  interparietal  foramen;  in  this  is  situated  the  tip  of  the 
pineal  body,  which  has  here  all  the  characters  of  a  simple  eye 
(see  p.  321). 

The  animal  has  teeth  when  young,  but  they  become  worn  away. 
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and  the  edges  of  the  maxilla  and  premaxilla  become  converted  into 
cutting  edges. 

The  vertebrae  are  amphicoelous,  and  the  basi-ventrals,  repre- 
sented by  the  sub-vertebral  wedge  bones  and  chevrons,  and  placed 
beneath  the  interspaces  between  the  vertebrae  throughout  neck, 
trunk,  and  tail,  and  not  as  Lizards  in  the  neck  and  tail  regions  only. 


Fig.  263.    Skull  of  Spfienodon  pancl/itus  x  1. 
A.   Lateral.     B.   Dorsal.     C.    Veniral.     1).    Posterior.     AfWr  von  Zittel. 
1.    Preinaxilla.         2.    Naaal.         3.    Trefroatal.         4.    Fronul.  5.  Post- 

{rontal.  9.  Parietal.  7.  Squamosal.  8.  Quadraw-jugal.  9.  Quad- 
rate. 10.  Postorbital.  II.  Jugal.  12.  Maxilla.  1.3.  Vomer. 
14.  Palatine.  16.  Pwrygoid.  Ifi,  Eciopterygoid  or  transverse  bone. 
17.  Kx-occipltal.  18.  Epi pterygoid,  IS.  Basisphenoid.  20.  Supra- 
temporal  fossa.  21.  Lateral  temporal  fossa.  22.  Orbit.  23.  Post- 
temporal  fossa.  24.  Foramen  magnum.  25.  Anterior  nares. 
26.  I nterparitlal  foramen.  27.  Dcntary.  28.  Supra-angular. 
2U.    Articular. 

The  ribs  have  three  divisions,  there  being  a  small  intermediate 
piece  iutei-calated  between  the  doi-sal  and  sternal  rib.  From  the 
dorsal  rib  a  hook-like  outgrowth,  the  uncinate  process,  projects 
backwards,  which  overlaps  the  next  rib  as  in  Crocodiles  and  Birds. 

Behind  the  sternum  there  is  a  long  series  of  rod-like  bones,  the 
so-called  abdominal  ribs,  embedded  in  the  muscles  of  the  belly. 
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They  are  placed  parallel  to  the  direction  of  the  sternal  ribs,  that  is 
they  slope  obliquely  forwards  and  inwards.  They  are  regarded  as 
mem  bran e-bonea  and  supposed  to  correspond  to  the  ventral  fish-like 
scales  of  the  Stegocephala. 

All  these  peculiarities  of  the  skeleton  are  found  in  many  of  the 
oldest  fossil  reptiles. 

Thei-e  is  no  proper  copulatory  organ :  the  cloaca  is  used  for  this 
purpose  just  as  in  the  Urodela. 

From  a  condition  in  many  respects  represented  at  the  present 
day  by  Spkenodon,  the  ancestors  of  living  reptiles  appear  to  have 
diverged  in  two  directions. 

On  the  one  band,  the  original  stock  gave  rise  to  descendants 
with  long  flexible  bodies  and  extensible  jaws — this  latter  feature 
involving  of  course  a  moveable  quadrate.  The  cloaca  became 
converted  into  a  transverse  slit  and  copulatory  organs  became 
developed  behind  it.  This  stock  includes  the  Snakes  and  Lizards, 
which  are  often  included  in  the  one  compreliensive  order  —  the 
Sauria. 

On  the  other  hand,  the  descendants  of  the  common  ancestral 
form  diverged  in  the  direction  of  heavily  armoured  forms,  in  which 
membrane-bones  underlying  the  scales  were  developed  and  in  which 
the  jaws  are  very  powerful,  the  quadrate  remaining  immoveably 
clamped  by  the  quadrato-jugal.  The  cloaca  became  a  longitudinal 
slit  and  developed  the  single  median  copulatory  organ  on  its  front 
wall.    This  stock  includes  the  Turtles  and  Crocodiles. 


SAURIA. 

We  now  turn  to  the  Saukia.  Most  people  would  imagine  that 
the  task  of  distinguishing  a  lizard  from  a  snake  was  an  easy  one. 
But  if  we  were  to  collect  together  all  the  limbless  species  of 
Reptiles  we  should  find,  not  only  that  they  differed  very  much  from 
one  another  in  the  structure  of  the  skull,  and  in  other  points,  but 
that  they  were  more  nearly  related  to  different  families  of  lizards 
than  to  one  another.  There  is  no  doubt  that  the  snake-Uke  forms 
have  been  derived  from  four-limbed  reptiles  like  lizards,  for  some  of 
them  have  rudimentary  vestiges  of  limbs.  It  is  evident  then  that 
there  must  be  an  advantage  in  certain  situations  in  getting  rid  of 
limbs,  and  it  is  further  evident  that  the  effect  of  this  advantage 
has  been  that  not  only  in  one  but  in  many  families  of  lizards 
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some  species  have  lost  their  limbs.  The  kind  of  life  to  which  a 
snake-like  form  is  suited  is  a  lurking  one  amongst  crevices  in 
stones,  or  thick  vegetation,  or  in  the  soil,  where  movement  is  best 
effected  by  wriggling,  and  limbs  would  be  iu  the  way. 

Under  these  circumstances,  we  must  either  class  together  all 
limbless  Sauria  as  snakes,  and  thus  give  up  the  idea  that  the 
members  of  an  order  must  necessarily  be  descended  from  the  same 
ancestral  species,  or  else  we  must  select  one  group  as  the  true 
Snakes  (Ophidia),  the  members  of  which  have  many  other  characters 
in  common  besides  the  negative  one  of  having  no  limbs.  This 
latter  course  is  that  which  has  been  adopted  by  Huxley,  who  defines 
true  snakes  somewhat  arbitrarily  as  those  forms  which  have  lostall 


Fio.  284.    A  Lizard,  Angvis  fragllU,  the  blind-worm,  slightly  reduced. 

trace  of  the  pectoral  girdle  and  of  the  urinary  bladder,  although 
they  may  retain  traces  of  hind-limbs. 

This  course  will  be  followed  here,  though  it  is  doubtful 
whether  the  advantage  gained  is  more  than  a  putting  off  of  the 
evil  day ;  for  the  more  closely  the  animal  world  is  examined, 
the  more  frequently  does  evidence  appear  of  the  composite  origin 
of  the  groups  which  zoologists  make.  The  real  connection  between 
the  members  of  these  groups  seems  to  be  that  their  ancestors  have 
undergone  a  set  of  similar  changes,  occurring  in  the  same  order: 
it  stands  to  reason,  that  if  the  world  in  geological  times  at  all 
resembled  what  it  does  now,  similar  species  would  undergo  similar 
modifications,  under  the  stress  of  natural  selection,  and  hence 
similarity  of  structure  must  be  regarded  as  the  result  primarily  of 
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similarity  of  experience,  not  from  blood  relationship  in  the  strict 
sense  of  the  term. 

Order  II.     Lacertilia 

The  Lacertilia,  then,  include  all  species  of  Sauria  which  have  the 
right  and  left  halves  of  their  mandibles  connected  by  a  sutural 
symphysis.  They  also  have  a  pectoral  ai-ch  and  a  bladder,  and  ai-e 
a  very  diversified  group.  Some,  e.g  Draco  solans,  have  the  hinder 
ribs  expanded  so  as  to  press  out  two  expansions  of  skin  and  form  a 
parachute-like  expansion  on  each  side,  by  means  of  which  they  are 
supported  as  they  flit  from  tree  to  tree  in  gieat  leaps.  Most  feed 
on  insects,  worms,  &c.,  like  the  English  Iizaids,  some  are  large 
enough  to  seize  mice  and  birds  and  frogs  The  limbless  forms  are 
represented  in  England  by  the  Ulind-  or  Slow-worm,  Anguia  fragilia, 
and  in  North  America  by  the  allied  glass-snake,  Ojihisaurus  ventrtdia. 
These  animals  have  skulls  like  that  of  Lacerta  and  rudiments  of 
pectoi'al  girdles.  Besides  the  Blind-worm,  the  Common  Lizard, 
Lacerta  rivipara,  and  the  Sand-lizard,  Lacerta  agiUit,  are  British. 

Id  North  America  four  families  of  Lizards  are  represented,  one 
being  that  of  tlie  limbless  ANGumAK,  and  the  most  remarkable 
of  the  others  is  that  of  the  Iouanidae.  These  animals  have 
short,  thick  tongues,  and  overlapping  scales  which  form  a  crest  of 
spines  on  the  head  and  back  and  round  the  throat.  Phrynoaoma 
doiiglaM,  the  horned  "toad,"  is  found  all  through  the  Central 
States  and  even  penetrates  into  Ontario;  it  is  the  sole  lizard 
found  in  Eastern  Canada. 


Order  III.     Ophidia 

The  Ophidia,  or  true  snakes  according  to  definition,  have  the 
right  and  left  halves  of  the  mandible  connected  by  an  elastic  band; 
they  are  also  devoid  of  a  urinary  bladder  and  of  any  trace  of  a 
pectoral  girdle.  Besides  this,  however,  they  have  a  large  number 
of  other  characters  which  severally  are  shared  by  some  families 
of  Lizards  bnt  which  collectively  are  found  only  in  the  Ophidia. 

The  vertebrae  in  addition  to  the  zygapophyses  on  the  sides  of 
the  neural  arch  have  median  bosses  and  pits  by  which  they  fit  into 
one  another,  called  respectively  zygantra  and  zygosphenes  (Gr. 
cb^poK,  a  cave  or  hollow ;  tr^^,  a  wedge).  There  are  no  sternal  ribs 
or  sternum,  but  the  dorsal  ribs  are  elongated  and  curved  ventratly. 
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and  a  snake  literally  walks  on  the  ends  of  them ;  it  is  io  a  sense  a 
vertebrate  centipede. 

In  the  skull  the  chief  point  to  be  noticed  is  the  extreme  mobility 
of  the  Jaws.  The  jugal  as  well  as  the  quad rato-ju gal  has  disap- 
peared, the  pterygoids  no  longer  articulate  with  the  base  of  the 
skull,  and  the  quadrate  itself  is  pushed  away  from  the  cranium  by 
the  squamosal,  which  is  a  rod-like  bone  (Fig.  26^).     The  result  of 


Fio.  265.  Dorsftl  (to  the  left)  und  ventral  (to  the  ngtil)  views  ol  the  skull  of 
the  Common  Snake,  Tropktoiwlui  nacrix.    After  Parker. 

1.  Premaxillfle  (fused).  2.  Anterior  aares.  3.  Naaa!.  4.  Prefrontal. 
6.     Frontal.  d.    Parietnl.  T.     Maxilla,  8.     Transverse   bone. 

9.    Palatine.  10,     Pterygoid,  11.     Pro.otic.  12.     Ei-occipilal. 

13.  Supra-occipital.  14.  Opisthotic.  15.  Epi-otic.  16.  Quadrate. 
IT.  Paraspbetioid.  18.  Basisplienoid.  IS.  Boai-occipilal.  20.  Occipi- 
tal condyle.  21.  Splenial.  22.  Dentarj'.  23,  Angular.  24.  Articular. 
25,  Supra-angular.  26.  Coronoid.  27.  Vomer.  28.  Squamoaal. 
IX,  X.    Foramina  for  the  ninth  and  tenth  cranial  nerves. 

this  arrangement  is  that  when  the  lower  jaw  is  pulled  down,  the 
quadrate  is  quite  free  to  thiust  the  pterygoid  forward  and  push  up 
the  maxilla  by  means  of  the  transverse  bone ;  that  is  to  say,  there 
is  the  same  mechanism  as  was  described  in  the  Lizard,  only  more 
easily  set  in  motion  and  capable  of  much  more  movement.  The 
halves  of  the  mandible,  or  lower  jaw,  are  connected  by  elastic  fibres, 
and  thus  they  can  be  widely  separated.  The  result  of  this  is,  that  a 
snake  has  an  enormous  gape  and  can  swallow  prey  almost  as  la^e 
as  itself.  Snakes  of  quite  moderate  size  dispose  of  frogs,  birds,  &c. 
The  large  Pythons  of  India  can  crush  an  animal  larger  than  a  half- 


^aovGoOt^lc 


XVII.]  OPHIDIA  461 

grown  sheep  into  a  shapeless  mass  by  coiling  themselves  around  it, 
and  they  then  swallow  it  whole. 

The  byoid,  including  under  that  name  the  remains  of  all  the 
hinder  visceral  arches,  is  rudimentary,  consisting  of  a  single  bone 
on  each  side.  This  permits  of  the  pulling  of  the  glottis  far  forward 
between  the  halves  of  the  mandible  when  the  animal  is  engaged  in 
swallowing  its  prey,  otherwise  choking  would  result. 

In  the  skull  the  brain  extends  forwards  between  the  eyes  and 
there  is  consequently  no  interorbital  septum.  That  this  is  a 
secondary  and  not  a  primary  state  of  affairs  is  shown  by  the  fact 
that  the  front  part  of  the  brain  is  protected  at  the  sides  by  down- 
ward extensions  of  the  frontal  and  parietal  bones,  whereas  in 
animals,  such  as  the  Urodela  and  Mammalia,  where  an  interorbital 
septum  has  never  been  formed,  the  side-walls  of  the  cranium  are 
constituted  by  the  orbitosphenoid  and 
alisphenoid  bones.  It  is  curious  to  find 
this  absence  of  an  interorbital  septum  in 
a  family  of  limbless  lizards,  the  Amphis- 
BAKXiDAE.  \Yhat  relation,  if  any,  it  has 
to  the  snake-like  habits  it  is  hard  to  guess. 

One  lung  is  small,  and  the  other  (the 
right)  greatly  elongated,  the  hinder  part 
being  quite  smooth.  One  pulmonary  ar- 
tery supplies  both  lungs,  the  other  has 
disappeared. 

The  two  eyelids  have  coalesced  to  form 
an  extra  guard  in  front  of  the  eye,  but 
there  is  a  transparent  portion  in  the  lower 
one  through  which  the  animal  can  see. 
The  outer  covering  of  scales  is  shed  peri- 
odically, half-a-dozen  times  every  year  or 
oftener,  and  replaced  by  a  new  set  formed 
by  the  activity  of  the  ectoderm,  and  dur- 
ing this  process,  since  the  covering  of  the 
eye  is  affected,  the  snake  is  blind. 

Snakes  are  divided  into  many  families, 
of  which  two  are  represented  in  Great 
Britain  and  three  in  the  temperate  parts 
of  North  America.  A  rough  classification  would  divide  them  accord- 
ing to  their  habits  into :  (a)  those  which  poison  their  prey,  (h)  those 
which  crush  their  prey,  and  (c)  those  whichswallow  their  prey  directly. 


Fio.SOfl.  Diagram  of  arte- 
rial arch  of  Simke  viewed 
from  Ihe  ventral  aspect. 

1.  First  arterial  arch.  U. 
Second  arterial  arch. 
IV.  Fourth  arterial  arch. 

15.  Pulmonary     an«ry. 

16.  Dorsal  aorta.  17. 
Right  auricle.  18.  Left 
auricle.      19.  Ventricle. 
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Those  whicli  crush  their  prey  are  confined  to  the  tropics ;  those 
which  swallow  their  prey  directly  are  the  n on- venomous  snakes, 
and  are  represented  in  both  England  and  North  America  by  the 
family  Colubridae.  In  this  family  the  maxilla  is  long  and  bears 
numerous  teeth,  as  does  also  the  pterygoid  and  the  lower  jaw. 
The  head  is  much  broader  behind  than  at  the  muzzle.  There  are 
about  thirty  species  belonging  to  eighteen  genera  iu  North  America, 


of  which  Tropidonotua  sirtalis,  the  garter-snake  frequently  met 
with  in  Canada,  is  one  of  the  commonest;  and  in  England  the 
family  is  represented  by  two  species,  the  smooth-snake,  Coroneila 
laevis,  and  the  grass-  or  ring-snake,  Tropklonotua  natiix. 

The  venomous  snakes  in  America  belong  to  two  families.     In 
the  first,  the  Elapidae,  the  maxilla  is  a  long  bone  and  bears  in 
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front  two  large  teeth  which  are  gi-ooved,  to  allow  the  secretion  of 
glands  in  the  lip  to  trickle  down  into  the  wound  which  they  make. 
The  teeth  behind  are  not  grooved.  The  American  Harlequin 
Soake,  Elaps  fnloius,  belongs  to  this  family.  This  snake  receives 
its  name  from  its  brilliant  colours ;  it  has  seventeen  crimson  rings 
bordered  with  yellow.  Another  family  is  that  of  the  Vipbrjdae. 
The  maxilla  is  much  shortened  and  bears  one  enormous  fang, 
which  when  the  luouth  is  closed  lies  against  the  roof  of  the  mouth ; 
when  the  mouth  is  opened  the  maxilla  is  rotated  by  means  of  the 
ecto-pterygoid,  so  as  to  erect  the  tooth.  The  typical  Rattlesnake  — 
C'rotahis  homdua  or  C.  alrox  —  derives  its  name  from  an  appendage 
of  about  8  to  9  loosely  connected  horny  rings  which  it  bears  at  the 
end  of  its  tail,  the  shaking  of  which  makes  a  noise  like  a  i-attle. 
This  is  one  of  the  most  deadly  snakes  known ;  it  is  found  all  over 
the  United  States  in  mountainous  places  and  enters  Canada.  Like 
all  Crotalinae  or  Pit^vipers  it  has  a  sensory  pit  between  eye  and 
nose.  The  English  Adder,  Vi'pera  berus,  is,  like  all  the  Old-World 
Viperinae,  devoid  of  such  pits. 

Order  IV.    Chelonia 

The  Chelonia  or  Turtles  are  the  most  peculiar  order  of  the 
Reptilia.  In  some  respects  they  are  nearest  to  the  Amphibia,  but 
they  are  highly  specialised.  Their  leading  peculiarity  is  the  pos- 
session of  two  great  shields,  a  dorsal  the  carapace  and  a  ventral 
the  plastron,  com  posed  of  bones  firmly  connected  together,  so  that 
most  of  the  organs  of  the  body  are  enclosed  in  a  box.  The  horny 
scales  which  cover  in  this  box  are  very  large  and  form  what  is 
known  as  tortoise-shell.  The  carapace  is  formed  of  a  central  row  of 
neural  plates  which  are  expansions  of  the  spines  of  the  dorsal 
vertebrae  with  a  nuchal  plate  in  front  of  these  and  a  pygal 
behind,  the  two  last-named  being  of  dermal  origin. 

On  each  side  there  are  costal  plates;  this  name  is  given  to 
broad  expansions  of  the  outer  surfaces  of  the  ribs  (Fig.  2G8).  The 
ribs  curve  inwards  to  join  the  centrum,  and  since  this,  as  in  all 
Reptiles,  is  formed  by  the  interventral,  each  rib  is  nearly  opposite 
the  interspace  between  two  centra  and  sometimes  unites  with 
them  both.  The  transverse  process  is  represented  by  the  expansion 
of  the  neural  plate  which  meets  the  costal  plate.  The  almost 
horizontally  directed  outer  ends  of  the  ribs  are  received  into  a 
series  of  dermal  bones  called  marginals,  which  form  the  edge 
of  the  carapace. 


^aovGoOt^lc 


464  EEPTILIA  [chap. 

The  plastron  is  formed  of  one  nnpaired  and  several  paired  bones 
(Fig.  2C9).  The  median  bone,  called  the  entoplastron,  ia  believed 
to  correspond  to  the  interclavicle  o£  other  Heptiles.  The  first  pair 
are  called  epiplaatra  and  probably  represent  the  clavicles  of 
other  forma.  The  posterior  pairs  are  called  hyoplastra,  hypo- 
plastra,  and  xlphiplastra  respectively;  they  are  firmly  joiued 
to  the  marginals. 


Fia.  26S.  A,  dorsal,  and  B,  ventral  vieir  of  the  carapace  of  a  Lo^erliead 
Turtle,  Tkala»eoc,helyt  cnrttta.  Afler  Owen,  [n  A  tbe  outlinea  of  the 
BUperflcial  horny  scales  conelituting  tbe  tortoise^bell  are  Indicated  by 
heavy  lines,  whilst  tbe  outlines  of  the  bones  of  which  tbe  carapace  is 
composed  are  represenied  by  lighter  lines. 

1.  Nuchal  plate.  2.  Fltst  neural  plat«.  3.  Second  costal  plate. 

4.  Marginal  plate.  6.  l^ga]  plate.  6.  Rib.  T.  Thoracic  vertebra. 
8.  First  vertebral  shield.        9.   Costal  shield. 

In  front  and  behind,  the  plaatron  and  carapace  are  separated  by 
soft  flexible  skin ;  their  edges  project  so  as  to  form  roof  and  floor 
to  cavities  into  which  the  head  and  neck  and  arms  in  front  and  the 
legs  and  tail  behind  can  be  withdrawn.  A  study  of  the  develope- 
ment  of  moderu  Chelonia  and  of  the  anatomy  of  fossil  species  makes 
it  plain  that  the  ancestors  of  the  present  forms  were  provided  with 
a  carapace  composed  entirely  of  dermal  bones  underlying  the  horny 
scales,  just  as  is  the  case  with  Crocodilia.  This  dei-mal  carapace, 
however,  was  gradually  replaced  by  the  developement  of  bony  ex- 
pansions of  the  ribs  and  neural  arches ;  though  remnants  of  it 
persist  in  the  nuchal,  pygal,  and  marginal  plates. 

There  is  no  trace  of  sternal  ribs  or  sternum :  but  the  pectoral 
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and  pelvic  girdles  occupy  the  peculiar  position  of  being  within 
instead  of  outside  the  ribs,  a  consequence  of  the  almost  horizontal 
direction  of  these.  The  girdlea  are  in  ffict  converted  into  pillars  or 
struts  which  keep  the  plastron  and  carapace  apart.  In  front  the 
scapula  forms  a  vertical  pillar  and  is  completely  fused  with  the 
precoraeoid;  the  two  are  separated  by  a  suture  from  the  coracoid, 
^hich  slopes  backwards  and  inwards.  The  ilium  and  pubis  serve 
to  support  the  carapace  posteriorly.    The  pelvic  girdle  is  similar  to 


Fio.  269.  The  plastron  ol  a  Green  Turtle,  CA«Io>te  mAla«  X  f.  (Cunb.  Mub.) 

1.   Epiplawron  (clavicle).     2.    EutoplastroD  (interclavlcle).     3.    Hyoplaalron. 

4.    HypoplasLroD,     6.    Xipbiplastron. 

that  of  a  Lizard  but  the  pectoral  girdle  has  no  epicoracoid.  The 
limbs  are  essentially  similar  to  those  of  the  Lizard  but  the  toes  are 
shorter  and  blunter.  The  neck  is  extraordinarily  flexible;  the 
vertebrae  composing  it  fit  one  another  by  cup  and  ball  joints,  one 
is  amphicoelous,  another  is  biconvex.  The  dorsal  vertebrae  have 
flat  faces. 

The  skull  is  utterly  devoid  of  teeth  and  the  premaxilla  and 
maxilla  are  short.  Both  they  and  the  dentary  have  sharp  cutting 
edges  ensheathed  in  horn  so  as  to  form  a  kind  of  beak.     In  all 
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species  the  orbit  is  encircled  with  a  bony  ring  and  the  ecto-pterygoid 
is  wanting.  The  palatal  crest  on  the  palatine  is  hardly  perceptible. 
The  squamosal  does  not  usually  join  either  the  postfrontal  or 
parietal:  hence  the  upper  temporal  arcade  is  absent  and  there  is 


Fio.  270.    Veutral  view  of  the  skeleton  of  Cheloue  midas,  the  Green  TuinJe 

X  about  J.    The  plaatron  has  been  removeii. 

1.   Lower  jaw  or  mandible.     2.   Nuchal  plate.     3.    Precuracoid.     4.   Scapula 

5.    Marginal  bone.  6.    Corncoi<l.  T.   Uium.  4.  Pubis. 

9.    iBchiuni.       10.   Centrum  of  Tertebra.        II.    Humerus.        12.   Radius. 

18.   Ulna.         14.   Carpus.         16.   Femur.         IS,   TibU.         IT.   Fibula. 
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no  distinction  between  the  suprartemporsl  and  latero-temporal 
fossae.  In  the  marine  Chelone  and  its  allies,  however,  the  post- 
frontal,  squamosal,  parietal,  and  quadratojugal  coalesce  to  form  a 
sheet  of  bone  from  the  crest  of  the  skull  to  the  lip,  roofing  over  a 
cavity  lying  at  the  side  of  the  cranium  and  containing  muscles. 

Breathing  is  performed,  as  in  Amphibia,  by  a  mylo-hyold  muscle 
and  other  muscles  causing  movements  of  the  hinder  visceral  arches, 
of  which  there  are  three  pairs. 

The  coputatory  organ  Is  a  grooved  rod  attached  to  the  front 


Fio.  271.  Longitudioftl  vertical  aeclion  through  the  cranium  of  a  Greeo  Turtle, 
Cheluiie  midas  x  }. 

1.  Parietal.  2.  Squamosal.  3.  Quadrate.  4.  Bsgiapheiioid.  G.  Basi- 
occipital.  6.  Quadmlo-jusat.  T.  Fro-otic.  8.  Dpisthotic,  9.  Ptery- 
goid. 10.  Palatine.  11.  Rod ptuuedlntonarial passage.  12.  Ex-occipital. 
13.  Epi-otic  fused  to  eupra-occipilal.  14.  Supra-occipitai.  16.  Pre- 
masilla.  10.  Maxilla.  IT.  Jugal.  Ig.  Postfrontal.  19.  Vomer. 
20.  Prefrontal.  21.  Frontal.  V  1  &  2,  VII,  VIII,  IX,  X,  XI,  XU, 
foramina  for  the  exil  of  cranial  nerves. 

wall  of  the  cloaca.     The  groove  leads  to  the  openings  of  the  male 
ducts,  the  vasa  defereutia. 

The  members  of  the  order  Clielonia  have  very  various  habits  and 
modes  of  life.  Some  are  vegetable  feeders,  others  purely  animal. 
None  are  found  in  Great  Britain,  but  the  representatives  of  six 
groups  are  found  in  temperate  North  America.     These  are 

(1)  The  Temtudinidae  or  Land  Tortoises. 

(2)  The  Emydidae  or  I'ond  Turtles. 
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(3)  The  C1NO8TEENIDAE  or  Box  Turtles. 

(4)  The  Cheltdkidae  or  Snapping  Turtles. 

(5)  The  Trionychidae  or  Mud  Turtles. 

(6)  The  Chblonidae  or  Marine  Turtles. 

The  Testudinidae  have  a  very  arched  carapace  and  short  club- 
like limbs  in  which  the  toes  are  tightly  bound  together  by  skin. 
Only  a  few  species,  the  burrowing  gopher,  Testudo  polyphemtis,  the 
Gopher,  and  Cistndo  Carolina,  the  Box  Tortoise,  are  known  in 
temperate  North  America, 

The  Emtdidae  are  represented  by  many  species.  In  this  family 
the  carapace  has  a  wide  horizontal  margin  and  the  toes  are  con- 
nected by  a  web.  Most  of  the  species  are  aquatic,  a  few,  however, 
are  almost  as  terrestrial  as  the  Testudinidae.  Chrygemya  picta, 
the  painted  Pond  Turtle,  ranges  north  into  the  St.  Lawrence. 

The  CiNOSTF.RyiDAB  have  a  long  and  narrow  carapace  with  the 
margins  produced  downwards :  it  is  highest  behind.  The  front  part, 
and  sometimes  the  hind  part,  of  the  plastron  moves  like  a  hinge  od 
the  rest  and  close  in  the  head  and  tail,  whence  the  name  Box 
Turtle.     Sole  genua  C'inoslemum,  e.g.  pennst/lvanicum. 

The  Chelydridae  are  the  soKsalled  Alligator-  or  Snapping- 
Turtles.  The  head,  neck,  and  tail  are  all  large  and  cannot  be 
completely  protected  between  the  carapace  and  plastron.  The 
carapace  is  highest  in  front.  The  jaws  are  hooked  and  powerful, 
and  the  animals  are  very  vicious.  Ckelydra  serpentina,  the 
"Snapper,"  is  one  of  the  commonest  of  American  turtles.  It  is 
found  everywhere  from  Canada  to  the  tropics. 

The  Triontchidae  or  Mud  Turtles  have  no  horny  scales;  both 
carapace  and  plastron  are  covered  with  leathery  skin.  There  is  a 
soft  pig-tike  snout ;  only  the  three  centre  toes  have  claws.  They 
seek  their  food  by  burrowing  in  the  bottom  of  ponds. 

The  Cbelonidae  are  distinguished  by  their  peculiar  skull  and 
the  absence  of  many  or  all  of  the  nails.  Their  extremities  have 
become  flattened  and  form  very  efficient  paddles. 

Order  V.    Crocodilia 

The  last  and  highest  order  of  the  Reptilia  is  the  Crocodilia 
These  animals  agree  with  the  Chelonia  in  having  a  series  of  bony 
plates  underlying  the  horny  scales  of  the  skin,  also  in  having  an 
immoveable  quadrate  and  a  single  median  copulatory  organ. 

The  Crocodiles  are  of  large  size  and  are  decidedly  Lizard-like  in 
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their  general  appearance,  the  ch'ef  observable  external  differeDce 
between  them  and  the  Lacertilia  being  in  the  jaws,  which  are 
exceedingly  long  in  comparison  with  the  rest  of  the  skull,  so  that 
the  gape  is  very  wide. 


Fta.  272.    Palatal  aspect,  A,  of  the  cranium,  B,  oE  the  mandible,  of  an 

Alligator,  Caiman  latiroHrii  x  }. 
1.  Premaxltla.  2.  Maiilia.  3.  Palatine.  4.  Pterygoid.  6.  Posterior 
nores.  6.  Transverse  bone.  7.  Posterior  palatine  vacuity.  8,  Anterior 
palatine  vacuity.  9.  Basi-occipital.  10.  Opening  of  median  Eusia- 
chian  canal.  II.  Jugal.  12.  Quadraio-jugal.  13.  Quadrate. 
14.   Dentary.         15.    Splenial.         16.   Coronoid.  IT.    Supra-angular. 

18.  Angular.      10.  Articular.       20.  Lateral  temporal  foasa.       21.  ()|)en- 
inga  (or  the  passage  of  blood-vessels  supplying  tlie  alveoli  of  the  leelli. 

The  dermal  plates  form  rings  on  the  tail,  but  on  the  body,  as  in 
Ohelonia,  they  form  a  doi'sal  and  a  ^'entral  shield  separated  by 
intervening  softer  skin.  lu  many  Crocodiles  the  ventral  shield  is 
very  rudimentary. 

In  the  general  arrangement  of  the  bones  and  the  temporal 
fossae  the  akull  resembles  that  of  Spkenodoii :  but  there  are  great 
differences  in  the  jaws  and  palate.     The  maxilla  is  very  long  and  is 


^aovGoOt^lc 


470  EEPTILIA  [CHAP. 

armed  with  conical  teeth,  which  are  implanted  in  distinct  sockets 
or  alveoli,  the  bone  having  grown  up  round  their  bases. 

The  two  palatal  folds  have  met  so  as  to  completely  divide  the 
upper  air  passage  from  the  lower  food  passage :  both  the  palatines 
and  the  pterygoids  being  completely  united  in  the  middle  line 
(Fig.  274),  The  choanae  or  posterior  narea  are  therefore  situated 
very  far  back  directly  over  the  glottis,  whilst  the  external  nostril  is 
at  the  tip  of  the  snout. 

In  consequence  of  this  position  of  the  external  nostril  the 
crocodile  can  lie  for  hours  hidden  under  the  water  with  only  the 
tip  of  the  suout  exposed,  and  so  surprise  any  unwary  animal  coming 
to  the  water  to  drink. 

All  the  cervical  and 
trunk  vertebrae  and  some 
even  of  the  caudal  verte- 
brae bear  ribs.  The  man- 
ner in  which  these  ribs 
are  articulated  to  the  atlas 
and  axis  vertebrae  thro\v3 
much  light  on  the  relation 
of  these  peculiar  vertebrae 
to  the  rest     Thus  we  ob- 

_„,„_.,            .    ,         ,         ,  serve  that  the  first  pair  of 

FiQ,  27.1.     First  four  cervical  vertebrae  of  ^ 

A  Crncodile,  C.  viUgarlt.     Partly  after  nbs    are    articulated    with 

von  Zittel.  their    heads    to    the    lower 

1.  Neural  spine  of  atlas.    2.  Lateral  portion  nart  of  thp  atlas    Hhnwino- 

otatlas.    3.  Odontoid  process.   4.  Ventral  P*"  •'^  *"^  ^"^'   snowing 

portion  of  atlas.    6.  Neural  spine  of  axis,  that  this  represents  a  basi- 

6.  F,>sUzyBapophysis  of  fourth  vertebra  ^^    homologous     with 

7.  Tubercular  portion  of  fourth  cervical  =""'•"     i"j""j    (,uua 

rib.   8.  First  cervical  rib,   8,  Secoud  cer-      the  intervertebral  cartilag- 

vicai  rib,     10,  Convex  posterior  surface      inniiH    naHi   nf    tliP   rest   nf 

of  centrum  of  fourth  vertebra.  '"°^^   P^"^  ^^    '^"^  ^^^  °^ 

the  column.     The  heads  of 

the  second  pair  of  ribs  are  united  to  an  intervertebral  cartilage 

separating  the  odontoid  process  from  the  eentrnm  of  the  second 

vertebra.     This  cartilage  is  therefore  the  second  basi-ventral,  and 

the  odontoid  process  is  the  first  interventral,  homologous  with  the 

centra  of  all  succeeding  vertebrae.    The  tubercle  of  each  of  the 

second  pair  of  ribs  has  also  an  attachment  to  the  odontoid  process 

lying  obliquely  above  aud  behind  the  capitular  attachment,  and 

hence  the  centrum  of  the  axis  vertebra  has  no  rib  attached  to  it. 

The  third  pair  of  ribs  has  shifted  its  capitular  attachment  back  on 

the  centrum  of  the  third  vertebra.     This  backward  shifting  of  the 
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capitular  attaehment  has  taken  place  in  all  succeeding  vertebrae, 
and  the  bead  of  the  rib  is  attached  directly  under  its  tubercle.     In 
the  trunk,  as  we  proceed  backwards,  the  capitular  attachment  to 
the   centrum    is   gradu- 
ally raised  till  it  reaches 
the    transverse    process 
and  is  confounded  with 
the    tubercular    attach- 
ment, and    the    hinder- 
most  vertebrae  are  sin- 
gle headed. 

There  are  abdominal 
ribs,  as  in  Sp/ieiiodon ; 
they  are  arranged  in 
transverse  rows,  each 
row  on  each  side  con- 
sisting of  three  or  four 
bones  (Fig.  274). 

The  pectoral  girdle 
consists  of  simply  a 
scapula  and  coracoid, 
the  latter  reaching  the 
sternum,  which  is  carti- 
laginous but  protected 
ventrally  by  an  inter- 
clavicle  (Fig.  275).  In 
the  fore-limb  the  carpus 
has  retained  three  bones 
in  the  proximal  row, 
but  the  distal  row  con- 
sists of  a  block  of  carti- 
lage representing  the 
first  and  second  carpalia 
and  a  bone  represent- 
ing the  remaining  three. 
There  is  consequently 
an  intercarpal  wrist-joint 
corresponding  to  the  in- 
tertarsa!  joint  common  to  Reptiles. 

The  pelvic  girdle  is  very  peculiar.     The  ilii 
rounded  alxive  and  joins  the  two  sacral  vertebrae. 


Y 


Fio.  274.   SUmum  and  assoctated  iDembrane- 

boueB  of  i.  Crocodile,  C.  paluslrig  x  J. 
The  last  pair  of  abdominal  ribs  whicli  are  united 

with  the  epipubee  b;  a.  piata  of  cartilage  have 

been  omitted. 
1,  Interclavicle.       2.  Sternum.       3.  Sternal 

rib.     4.  Abdominal  splint  rib.     5.  Sternal 


nn  is  broad  and 
The  true  pubis 
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Alligator,  Cai«i<in  laiirostria  x  J. 

1.  Scapula.      2.  Coracoid.      S.  Interclavicle. 

4.   Gleooid  cavity. 


[chap. 

is  a  small  round  bone 
inserted  and  fused  with 
the  anterior  edge  of  the 
ischium  and  ilium,  but 
what  is  ordinarily  called 
the  pubis,  or  better  the 
epipubis,  is  a  bone  di- 
rected forwards  which 
does  not  meet  its  fellow, 
nor  does  it  forn)  any 
part  of  the  socket  for 
the  femur  or  acetabu- 
lum (Fig.  276).  This 
so-called  pubis  or  epi- 
pubis can  only  be  com- 
pared to  that  of  Urodela 
aud  Marsupials.  The 
tarsus,  like  the  carpus, 
is  much  reduced  and 
It  consists  of  a  proximal  row  of  two  bones,  one  of 
which,  the  fibulare,  or  cal- 
caneum,  forms  a  distinct 
heel.  The  distal  row  con- 
sists of  two  bones,  one  rep- 
resenting the  first,  second, 
and  third  tarsalia,  the  other 
the  fourth  and  fifth. 

The  heart  of  the  Croco- 
dile is  remarkable  for  the 
fact  that  the  septum  in 
the  ventricle  has  grown 
forwards  so  as  to  com- 
pletely divide  it  into  two 
halves,  the  right  and  left 
ventricles.  The  left  root 
of  the  aorta  arises  from 
the  right  ventricle  and 
crosses  the  right  root, 
which  arises  from  the  left 
ventricle  and  gives  off  the 
two  carotids.    The  left  root 


Fio.  276.  Pelvia  and  sacrum  of  an  Alli- 
gator, Caiman  latiroitris  x  }. 

1.  llluiii.  2.  Ischium.  3.  True  pubis. 
4.  Epipubis  (so-called  pubis).  6.  Ace- 
tabulnr  foramen.  6.  Neural  spines  of 
aacral  vertebrae.  7.  Union  of  the  two 
Ischial  bones.  8.  Process  bearing  pre- 
zygapophysia. 
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therefore  receives  impure  blood  from  the  right  auricle  and  the 
blood  sent  to  the  trunk  is  mixed.  In  additiou  there  is  a  small 
passage,  the  foramen  of  Panizza,  joiniug  the  two  trunks  wheie 
they  cross,  bo  that  the  blood  leaving  the  right  arch  to  go  to  the 
carotid  is  also  somewhat  mixed.  The  lung  is  no  longer  a  simple  sac 
but  has  thick,  spongy  walls  and  the  central  passage  is  reduced  to 
a  narrow  tube.     In  the  brain  the  cerebellum  is  large  and  cylindrical. 

All  these  peculiarities  of  the  internal  organs  may  be  termed 
foreshadowings  of  what  is  found  in  Birds  and  Mammals,  and  hence 
Crocodiles  are  with  right  styled  the  highest  of  the  Reptiles. 

Crocodiles  are  inhabitants  of  rivers  and  swamps  and  spend  most 
of  their  life  in  the  water.  The  best  known  and  classical  example  is 
the  Crocodile  of  the  Nile,  Crocodilus  niloticus.  There  is  but  one 
species  in  the  southern  states  of  North  America,  the  Alligator, 
Alligator  mississijjensis,  which  has  a  much  shorter  and  broader 
snout  than  the  Crocodile.  This  animal  lies  for  hours  absolutely 
motionless  at  the  surface  of  the  water  so  as  to  greatly  resemble  a 
log,  and  thus  entrap  any  unwary  animal  which  may  venture  uear. 
The  Gavial,  Oavialis  ganyecicus,  in  India  is  remarkable  for  its 
excessively  long  and  narrow  jaws. 

Although  the  orders  just  described  include  all  living  Beptilia, 
they  give  little  idea  of  the  former  extension  of  the  class.  Well- 
preserved  fossil  skeletons  prove  the  former  existence  of  whale-like 
marine  reptiles  with  exceedingly  short  necks  (Ichthyosauria),  of 
other  marine  forms,  with  long  swan-like  necks  (Plesiosauria),  of 
land  reptiles,  many  of  which  supported  themselves  on  the  hind 
legs  and  tail  (Dinosauria),  in  consequence  of  which  the  pelvis  has 
come  to  resemble  that  of  birds,  and  of  flying  reptiles  (E*terosauria), 
in  which  the  little  finger  is  immensely  elongated  to  support  a  flying 
membrane ;  but  it  would  lead  us  too  far  to  discuss  the  anatomy  of 
these  forms. 

The  class  Reptilia  is  classified  as  follows : 

Order  1,     Rhsmchocepbala. 

Reptilia  devoid  of  special  copulatory  organs  and  with  an 

immoveable  quadrate. 
Ex.     Spkeuodon. 

SAURIA. 

Order  2.     Lacertilia. 

Beptilia  with   two   copulatory   sacs    on   the   posterior 
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wall  of  the  cloaca:  witli  a  moveable  quadrate,  with  a 
pectoral  girdle,  and  with  the  rami  of  the  mandibles  imited 
by  a  zymophysis. 

Ex.     Lacerta,  Anguia. 
Order  3.    Ophidia. 

Beptilia  with  two  copulatory  sacs  on  the  posterior  wall 
of  the  cloaca;  with  a  moveable  quadrate  but  with  no  trace 
of  a  pectoral  girdle;  with  the  rami  of  the  under-jaw 
united  by  ligament. 

Ex.     Crotalus,  Vipera^  TroptdowAua. 
Order  4.    Ghelonia. 

Reptilia  with  one  median  copulatory  organ  on  the  anterior 
wall  of  the  cloaca;  an  immoveable  quadrate.     Ko  sternum,  the 
ribs  expanded  horizontally  to  form  a  dorsal  shield;  a  ventral 
shield  of  dermal  bone  is  present. 
Ex.     Testudo,  CItelone. 
Order  o.    Crocodilia. 

Keptilia  with  one  median  copulatory  organ  on  the  anterior 
wall  of  the  cloaca ;  an  immoveable  quadrate.  A  well -developed 
sternum,  joined  by  the  ribs. 

Ex.     Crocodilus,  Alligator,  Oavialis. 
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Sub-Phylum  IV.    Ckaniata 

Class  IV.     Aves 

It  is  probable  that  if  the  first  child  one  met  were  aabed  to 
describe  a  bird,  he  would  say  that  birds  were  aoi-^ 
ScMriiiHr"  mals  which  were  covered  with  feathers  and  had, 
winga  to  fly  with.  Though  it  often  happens  that 
the  marks  by  which  the  oi-dinary  person  distinguishes  one  animal 
from  another  are  not  those  which  seem  most  important  to  a  Zoolo- 
gist, yet  in  this  case  the  Zoologist  could  not  find  more  important 
features  to  serve  as  the  basis  of  a  definition  of  the  class  Aves  or 
Birds. 

Birds  then  are  vertebrate  animals  in  which  the  fore-limb  is 
modified  into  a  wing  or  fiyiug  organ  and  in  which  the  body  is 
covered  with  feathers.  Bats  likewise  have  the  fore-limb  con- 
verted into  a  wing,  but  they  are  covered  with  hair,  not  feathers, 
and  their  wing  is  not  constructed  on  the  same  plan  as  that  of  the 
bird. 

Birds  are  sometimes  classed  along  with  the  Keptiles  as  Saurop- 
sida,  since  they  have  a  good  many  features  in  common  with  them, 
and  are  contrasted  with  the  Mammalia,  or  ordinary  quadmpeds. 
This,  however,  gives  a  wrong  view  of  the  relationships  of  the  three 
groups.  Both  Birds  and  Mammals  are  believed  to  be  descended  \ 
from  Reptilian-like  ancestors,  and  it  is  an  open  question,  whether  '. 
the  changes  which  Birds  have  undergone  are  not  at  least  as  im-  ■ 
portant  as  those  which  have  taken  place  in  Mammals  in  the  process 
of  their  evolution  from  ancestors  which,  had  they  lived  now,  would 
have  been  termed  Reptiles, 

Birds  agree  with  Reptiles  in  that  they  lay  large  eggs,  from^ 
which  the  young  are  hatched  in  a  form  closely  resembling  the 
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parent ;  they  are  like  Reptiles  alao  in  the  structure  of  their  jaws  — 
the  lower  jaw  consisting  of  five  bonea  and  articulating  with  a  quad- 
rate bone  —  and  in  the  structure  of  the  hinder  part  of  their  skulls, 
of  their  breast-bones,  and  of  their  ankle-joints.  The  vertebrae  very 
rarely  have  epiphyses  like  those  of  Mammals;  though  they  are 
found  in  Parrots,  As  in  Reptiles,  the  number  of  neck  vertebrae 
is  variable.  Like  Reptiles,  Birds  have  nuclei  in  the  red  corpuscles 
of  the  blood,  and  the  sole  remaining  complete  arterial  arch  goes  to 
the  right  (Fig.  28i)),  like  the  principal  arch  in  Reptiles.  On  the  ' 
other  hand,  they  ai-e  warm-blooded,  that  is  to  say,  the  temperature 
of  the  blood  remains  practically  the  same  and  does  not  alter  as  ' 
the  surrounding  air  gets  hot  or  cold ;  it  is  in  fact  higher  than 
that  of  the  blood  of  any  mammal;  the  ventricle  of  the  heart 
is  completely  divided  into  two,  and  in  addition  to  the  wings  and 
feathers,  the  structure  of  the  leg  and  hip-bones  and  of  the  brain, 
distinguishes  them  from  any  living  Reptile. 

Strange  as  the  statement  may  appear,  it  is  true,  nevertheless, 
that  the  feathers  are  really  scales  like  those  found  in 
lizards,  immensely  developed  and  with  the  edges 
frayed  out.  Like  scales, they  are  epidermal,  that  is,  developements 
of  the  outer  or  horny  layer  of  skin.  The  area  which  is  about  to  form 
the  feather  becomes  raised  into  a  little  finger-shaped  knob  by  the 
growth  of  the  deep  sensitive  layer  of  the  skin  or  dermis  which 
carries  the  blood-vessels.  The  little  knob  thus  formed  is  in  turn 
sunk  in  a  pit  called  the  follicle,  the  skin  immediately  surrounding 
it  being  depressed.  Thus  the  lowest  part  of  the  feather  is  a  little 
hollow  tube  of  homy  cells  formed  round  the  knob  of  dermis,  but 
the  upper  part,  like  the  scale  of  a  lizard,  is  only  formed  on  one  side 
of  the  knob,  and  this  part  as  it  is  pushed  away  by  the  growth  of 
the  deeper  parts  becomes  frayed  out  so  as  to  form  the  vane  of 
the  feather.  In  the  latter  we  can  distinguish  a  central  stem  or 
rhachis,  and  two  rows  of  branches  or  barbs,  which  are  kept  in 
position  by  a  number  of  secondary  processes  or  barbules.  The 
barbules  bear  little  hooks  which  interlock  with  oue  another.  Down 
consists  of  small  feathers  growing  between  the  bases  of  the  larger 
ones.  In  these  the  barbules  are  absent,  so  that  the  barbs  are  not 
held  together  but  float  freely  about,  forming  a  kind  of  fluff.  When 
a  bird  is  plucked  it  is  seen  that  the  feathers  are  confined  to  cer- 
tain tracts  separated  by  others,  called  apteria,  devoid  of  feathers. 
Thus  in  most  birds  the  mid-ventral  and  mid-dorsal  lines  are 
apteria.     The  colour  of  the  featliers  is  partly  due  to  coloured 
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Bubstances  or  pigments  iQ  the  epidermal  cells  and  partly  to  minute 
ridges  which  cause  interference  of  the  light  reflected  from  them. 

That  the  wing  is  really  ouly  the  fore-leg  or  arm  is  clear  at  once  | 
to  anyone  who  has  ever  seen  a  plucked  bird.  One  can  recognise  the' 
parts  corresponding  to  upper  arm,  fore-arm,  and  hand,  and  it  is  easy 
to  perceive  by  gently  squeezing  the  wing  that  the  first  bone  men- 
tioned consists  as  usual  of  a  single  bone,  the  humerus,  and  the 
second  of  two  bones  placed  side  by  side,  the  radius  and  the  ulna. 


Fiffl,  277,     Section  through  the  akin  of  a  Bird,  showing  a  developing  feather. 

Higlily  magnified. 
1.   EpiitemiU,         2.   Maipigliian  iayer.         3.   I>enni8.         4.   Young  feather. 

S.   Follicle  round  bane  of  feallii^r.  6.    I'ulp  which  developea  blood- 

Tessel  and  ia  Lhe  organ  of  nutrition  of  the  feather. 

When  the  wing  is  at  rest  the  upper  arm  extends  backwai'ds,  the  i 
fore-arm  is  sharply  bent  up  on  this,  the  wrist  again  is  sharply  I 
bent  down.     When  the  wing  is  expanded  these  are  partially,  but  / 
never  entirely,  straightened  out,  so  that  a  bird  begins  the  down- 
stroke  of  the  wing  with  the  arm  bent  in  a  very  similar  way  to  that 
in  which  a  swimmer's  arm  is  bent  when  he  strikes  back  with  it    In 
the  hand  we  find  as  a  rule  three  digits,  the  first,  second,  and  third. 
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These  have  their  first  joints,  the  metacarpal  boDes,  closely  united  i 
together.    In  Man  the  metacarpals  of  the  various  fingers  are  united 
by  a  web  of  skin  and  flesh  which  constitutes  the  palm,  but  they 
are  moveable  on  one  another,  whei'eas  in  the  bird  the  metacarpals 
of  the  second  and  third  digits  are  firmly  joined  at  both  ends. 
The  index  has  in  addition  to  the  metacarpal,  in  most  birds,  three 
other  small  bones  called  phalanges,  of  which  the  end  one  sometimes 
carries  a  claw,  thus  emphasising  the  fact  that  the  wing  is  an  arm ; 
the   third   digit  has  only  one   bone  or 
phalanx  besides  the  metacarpal.     The 
metacarpal  of  the  first  digit  or  thumb  is 
very  small,   but  is  likewise   completely 
soldered  to  the  other  metacarpals.     Be- 
sides this  the  thumb  has  two  joints  and 
often  a  claw. 

Compared  with  the  arm  or  fore-teg  of 
other  animals  the  arm  of  a  bird  strikes 
one  as  being  very  skinny.    This  is  be- 
cause the  muscles  which   make  up  the 
bulk  of  ordinary  arms  are  very  poorly  de- 
veloped; thus  the  fingers,  whose  muscles 
usually  constitute  the  bulk  of  the  flesh 
of  the  forearm,  cannot  be  moved  on  one 
another,  and  so  we  need  not  wonder  that 
Pig.  278.   Bones  of  the  rEglit    the  fore-arm  is  poorly  developed.     Fur- 
wlnjt  of  a  Ganiiet,  Sula    ther,  the  movement  of  the  arm  on  the 
l.''H^meJu8.       2.  Radius,    fore-arm  is  simple  in  character,  namely, 
8.  l!!na.  4.  Second    a  movement  of  bending  and  unbending, 

"tSSS:      B-'mS    '""l  'l>i»  »»ly   "■h™  «'«  »i»S  ■>'  l«i"8 
or  poller.        7.  Second    expanded,   hence  a  few  muscles  suflice 

£i,  ..'■Sfe  Sb-a'S    '■»  i««  ""I"  '"-i  '!■«  "PP"-"..  i,  con- 
second  dljril  were  wanting    sequently  as  thin  as  the  foie-arm. 
ihia''fig^ewM  drawn'"'"''  '^^^  movements  which  constitute  fly- 

ing, namely,  the  powerful  down-stroke  of 
the  whole  arm  and  the  slower  up-stroke,  are  carried  out  by  the 
immensely  developed  breast  muscles,  great  fleshy  masses  which 
cover  the  breast-bone  or  sternum.  This  bone  has  a  more  or  less 
pear-shaped  ontHne,  rounded  in  front  and  |>ointcd  behind,  the  ribs 
ending  in  its  sides  (Fig.  279).  In  accordance  with  the  tendency 
in  all  birds  to  develope  the  body  into  a  long  neck  and  a  rounded 
trunk,  we  find  evidence  that  the  number  of  ribs  encircling  the  IkkIj 
and  joining  the  sternum  has  been  reduced.     Xot  only  do  we  find 
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small  free  ribs  connected  with  the  hinder  cervical  vertebrae,  but 
attached  to  the  sternumare  outgrowths  called  coatal  and  xiphoid 
processes  (Fig.  279)  which  are  regarded  as  the  remains  of  sternal 
ribs,  the  dorsal  halves  of  which  are  rudimentary  or  lost.     If  we 
picture  to  ourselves  the  pcctoi-al  girdle  being  thrust  backwards  and 
the  pelvic  girdle  forwards  so  aa  to  crowd  the  viscera  into  a  small 
space  we  shall  realise  the  meaning  of  the  differences  between  the 
skeleton  of  the  tmnk  of  a  Reptile  and  that  of  a  Bird.     From  the> 
middle  line  of  the  sternum  projects  a  great  vertical  cregt  stretching ' 
outwards,  called  the  carina  or  keel,  and  it  is  from  the  sides  of  this ' 
mainly  that  the  breast  muscles  take  their  origin.     There  are  two 
main  muscles  on  each  side.     First 
the    pectoralis    major    on   the 
surface,  which  passes  into  a  tendon 
attached  to  the  upper  end  of  the 
humerus.     The  contraction  of  this 
muscle    brings    about    the    down- 
Stroke  of   the   wing,   the  effective 
stroke  in  flying.     Underneath  the 
pectoralis    major    is    situated    the 
pectoralis  minor,  a  much  smaller 
muscle.     Its  tendon  passes  under- 
neath   the    arch    formed    by    the 
clavicle  and  the  coracoid  bone,  the 
latter   of   which,   as    in    Beptites, 
connects  the  shoulder-blade  firmly 

with  the  sternum.     Having  passed    Fio.279.   Shouider-girdle  and  ?ier- 
through    this    arch    the    tendon    is        """°  °f  Peacock,  Paco  erlstatut 

attached  to  the  back  of  the  humerus,    .   f.    ■      » .u    .  _         «  ^ 

'  1,  Cunnaot  the  sternum.  2.  Cora- 
80  that  the  contraction  of  the  coid.  3.  Scapula.  4.  Clavicle. 
muscle  pulls  the  humerus  and  thus       f-  postal  process^     6    Surfaces 

.  '  for  articulation  with  the  Bternal 

the  wing  vpwards  and  backwards        ribs.        7.  Posterior    (xiphoid) 
and  not  downwards,  the  upper  end       """^  oblique  processes. 
of  the  coracoid  acting  as  a  pulley  roundawhich  it  passes. 

Returning  to  tlie  wing,  we  must  now  notice  how  the  feathers  are  , 
arranged.  The  great  quill  feathers  are  attached  chiefly  to  the  upper 
and  posterior  edge  of  the  hand,  but  there  are  also  a  large  number 
which  are  implanted  in  the  posterior  surface  of  the  ulna.  These  two 
groups  of  feathers  are  pushed  one  over  the  other  when  the  wing  is 
folded,  just  like  the  silk  of  a  closed  umbrella,  but  when  the  wing  is 
stretched  out  they  only  overlap  very  slightly,  and  thus  a  coherent 
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Tia.  280.     Wing  of  a  Wild  Duck,  Ana»  boschan  x  }. 
A.    Right  wing  seen  from  the  dorsal  side,  with  the  coverts  removed.      B.    Left 

wlQg  disarticulated   and  seen  from   tlie  ventral  aide,   with  the  coverts 

removed.       C.  The  dorsal  skle  of  a  right  wing.       D.  The  ventral  side  of 

a  left  wing.     From  Wray,  P.  Z.  S. 
Id  a  and  B.        1.    Humerus.        2.    Radius.        3.    Ulna.        *.    Radial  carpal. 

6.    Ulnn  carpal.      0.    First  plialani  of  first  digit.      7.    Second  metucarpal. 

8.    Third  metacarpal.        9,    First  phalanx  of  second  digiL        10.    }>econd 

phalanc   of  second   digit.  11.    Vestigial    quill.  12.  Tertiarlea. 

V-i.   Secondaries.       14-17.    Primaries. 

Bastard -wing.       6.    Primaries. 


and  practically  air-tight  surface  is  formed.     Those  feathers  which 
are  attached  to  the  hand  are  called  primaries  (6,  Fig.  280,  C), 
those  arising  from  the  ulna,  secondaries  (8,  Fig.  280,  C);  a  few 
arising  from  the  upper  arm  are  called  tertiaries;  any  air  which 
might  escape  between  the  bases  of  the  long  feathers  is  stopped  by 
an  upper  layer  of  shorter  feathers,  called  coverts  (2,  3,  5,  and  7, 
Fig.  ^80,  C  and  I>).     Air  is  prevented  from  escaping  in  front  by  the 
hand,  which  is  stretched  out  in  a  vertical  plane,  and  by  two  folds  of 
skin,  one  in  the  angle  between  fore-arm  and  upper  arm,  the  other 
between  the  upper  arm  and  the  body.     The  name  ba-stard-wing  is 
given  to  a  tuft  of  feathers  borne  by  the  thumb  (4,  Fig.  280,  C  and  D). 
The  full  mechanical  explanation  how  the  down-stroke  of  the 
wing  not  only  prevents  a  bird  from  falling  but  urges 
'   ■  it  onwards  is  not  completely  understood,  and   much 

of  what  is  generally  accepted  is  too  complicated  for  an  elementary 
text-book,  but  the  broad  principles  involved  may  be  simply  set 
forth.  A  bird  when  it  is  in  the  air,  like  any  other  heavy  body, 
is  continually  falling;  the  blow  of  the  wing  has  therefore  not  only 
to  effect  a  forward  impulse,  but  also  an  upward  one  sufficient  to 
compensate  for  the  distance  the  bird  has  fallen  between  two  strokes. 
These  impulses  are  of  course  derived  from  the  elastic  reaction  of 
the  air  compressed  by  the  down-stroke  of  the  wing.  When  the 
wing  is  expanded,  it  is  slightly  convex  above  and  concave  beneath. 
This  arises  from  the  fact  that  the  quill  feathers  are  attached  to 
the  upper  edge  of  the  webbed  limb  and  project  gently  downwards 
and  backwards,  so  that  there  is  a  space  left  which  is  bounded 
behind  by  the  quills,  and  in  front  by  the  bones  and  web  of  the 
limb.  Now  if  this  Si>ace  had  a  symmetrical  shape  the  air  would 
be  compressed  in  such  a  >Tay  that  the  resultant  impulse  would  be 
directly  upwards;  but  it  is  not  symmetrical, for  its  roof  has  a  very 
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flf^-p  •liojie  in  fnrnt  and  a  veiy  gentle  one  behind,  and  the  air  ;? 
c'.injireivrd  In  STi'h  a  way  thai  au  (■ri'.;q::e  reaciioo  result'*,  a 
reaction  »iii'ii  we  can  reioive  Itv  the  isirall^-Iocram  of  forces  into 
an  iipn-anl  and  an  onward  one.  S<j  uti:ch  fur  the  flight  of  a  bird  in 
Mill  air.  The  air  is,  howei-er,  very  rarely  stiil,  and  the  eurrenis 
whi'-h  enist  are  never  (jiiite  h'jrizoi:tal,  but  generally  iDclined 
Blitflitly  Ufiward-S  since  the  lowest  layer  of  air  is  checked  by  friction 
a;,'ain>tt  the  ground,  and  birds  which  are  good  Byers  can,  by  in- 
clining their  wings  at  the  projier  angle,  ohtain  quite  sufficient 
BMppiyTt  from  the  play  of  the  current  against  the  wing  without 
exerting  themselves  to  any  great  extent.  This  is  called  soaring, 
and  can  be  beautifully  seen  in  the  flight  of  the  Sea-guU.     In 


Fio.  231.    Lateral  view  of  the  pelvis  and  aacmm  of  a  Duch,  Ani»  bo»ttuu  x  }. 

1.  Ilium.  2.  iBchium.  3.  Pubis.  4.  Pectineal  process,  the  rudiment 
of  the  prepubis  corresponding  to  the  pubis  of  tlie  Lizard.  6.  Ace- 
tabulum. 6.  Ilio-ischiatic  foiaiuen.  T.  Fused  vertebrae.  6.  Facet 
on  wiiicb  the  projection  on  tbe  femur,  the  trochanter,  plays. 

this  manoeuvre  birds  are  assisted  by  the  tail,  nhich  is  really  a  fan- 
shaped  tuft  of  strong  feathers,  attached  to  the  coccyx,  that  very 
small  vestige  of  a  true  tail,  or  portion  of  the  vertebral  column 
extending  t)elLind  the  anus,  which  modern  birds  possess  (Fig.  282). 
In  this  region  the  vertebrae  are  thin  disks,  several  of  which  may  he 
soldered  together  so  as  to  form  a  bone  called  the  pygostyle. 
The  legs  of  birds  can  be  shown  to  be  constructed  on  essentially 
the  same  type  as  tliose  of  Reptiles,  but  modified  so  as  to 
[Kiihfra.        enable  them  to  support  tbe  body  in  an  upright  position. 
The  arrangements  to  effect  this  are  very  interesting, 
as  they  differ  markedly  from  those  found  in  the  human  skeleton. 
In  the  pelvic   girdle  the  ilia  are  lengthened  so  as  to  be 
attached  to  a  considerable  number  of  vertebrae,  six  or  more,  and 
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.  Premaxillft,  2.  Nasal.  3.  Lachrymal.  4.  Frontal.  6.  Mandible. 
6.  Lower  temporal  arcade  in  repion  of  qnadrato-jugal.  7.  Tympanic 
cavity.  8,   Cervical  vertebrae.  8.    Ulna.  10.    Humenin. 

11.   Radius.  12.  Carpo-metacaq>us.  13.   First  phalanx  of  eeconc 

digit.  14.   Third  digit.  15.   Second  digit.  16.    Ilium, 

IT.   nio-i)ichiatic  foramen.  18.   FyRostyle,  10.    Femur. 

20.    Tibio-tareuB.  21.    Fibula,  -ii.    Patella.  23.    Tarmi- 

metatarsus.  24.   First  loe.  26.    Second  toe.  20.   Third  toe. 

27,  Fourth  toe.  28.   Spur.  2B.  Pubis.  30.   Ischium. 

31.   Clavicle.        32.    Coracoid.         33.    Keel  of  Rternum.       34.    Xiphoid  . 

process.       The  forked  bone  just  in  front  of  7  is  the  quadrate.  k^T(.)OQlC 
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so  a  firm  attachment  of  the  limb  to  the  main  skeleton  13  effected. 
In  Keptilea  only  two  vertebrae  are  joined  to  the  ilium,  but  in 
their  case  the  weight  of  the  body  is  supported  on  all  four  limbs, 
whereas  in  a  Bird  the  whole  vertebral  column  has  to  be  balanced 
about  two  points  of  support,  and  hence  the  ilium  must  be  quite 
immoveably  strapped  to  the  vertebral  column.  The  result  of  this 
has  been  to  cause  some  of  the  hinder  ribs  to  atrophy :  and  the 
ventral  halves  of  Bome  of  these  form  the  xiphoid  processes  of  the 
sternum.  The  ischium  is  directed  backwards  parallel  to  the  binder 
part  of  the  ilium,  and  often  fused  with  it  so  as  to  surround  a  space 
called  the  ilio-ischiatic  foramen.  The  pubis  is  a  very  slender 
bone  which  is  also  directed  backwards.  It  is  in  fact  a  postpubis 
corresponding  to  the  lateral  process  on  the  pubis  of  the  Lizard  (see 
p.  450).  The  two  pubes  never,  as  in  Reptiles  and  Mammalia,  unite 
with  one  another  ventral  to  the  cloaca,  the  absence  of  a  pubic 
symphysis  (except  in  the  Ostrich)  facilitating  the  laying  of  the 
egg,  which  is  very  large  relatively  to  the  size  of  the  animal.  The 
thigh  ia  bent  sharply  forwards  and  the  shank  backwards,  and 
the  ankle  is  raised  to  a  considerable  height  above  the  ground  bj 
the  great  length  and  upward  direction  of  the  bones  of  the  sole,  or 
metatarsals  (Fig.  282).  Thus  a  Bird  walks  on  its  toes  and  like 
Reptiles  possesses  an  intertarsal  ankle-joint  In  Birds,  however,  in 
order  to  give  firmness  to  the  leg,  the  metatarsals  are  closely  united 
together  and  the  small  bones  of  the  tarsus  have  entirely  disap- 
peared, the  proximal  row  having  been  incorporated  with  the  tibia, 
whilst  the  distal  bones  have  fused  with  the  metatarsals.  Thus  in 
an  adult  Bird  the  ankle-joint  is  a  simple  hinge  between  two 
compact  bones,  the  upper  being  a  tibia-tarsus,  the  lower  a  tarso- 
metatarsus.  There  are  usually  four  toes,  but  the  first,  corre- 
sponding to  the  human  great  toe,  is  sometimes,  like  the  fifth, 
absent ;  its  metatarsal  remains  distinct  from  the  other  three.  It  is, 
except  in  Htegauopodes,  generally  directed  backwards.  The  raised 
sole  of  the  foot  really  constitutes  the  visible  "leg"  of  most  birds, 
the  thigh  being  altogether,  and  the  shank  mostly,  buried  in  the 
feathers.  In  many  birds  the  sole  is  plated  by  scales  which  are 
raised  horny  plates  of  skin,  similar  to  the  scales  of  Reptiles. 

The  most  characteristic  features  about  a  bird,  next  to  the  limbs 

and  feathers,  are  certainly  the  head  and  neck.      The 
ntek'*'"'        skull  is  high  and  arched  behind  in  order  to  make 

room  for  the  comparatively  lai^e  brain;   in  front  it 
slopes  gradually  downwards  to  the  pointed  beak,  which  is  encased 
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in  a  hard  horny  sheath.  Tlie  bones  nrhich  underlie  this  beak  are 
(above)  the  p  rem  ax  ill  a  and  (below)  the  den  tary  bone  of  the  lower 
jaw.  No  modem  bird  possesses  teeth,  and  the  maxilla,  which 
usually  carries  most  of  the  teeth  in  animals  which  have  them,  is 
very  sujall  and  confined  to  the  cheek  behind  the  gape,  whereas  the 
premaxilla  is  very  large.  Behind  the  maxilla  two  other  slender 
bones,  the  jugal  and  quadratojugal,  complete  the  lower  temporal 
arcade  as  in  Chelonia  and  Crocodilia,  but  the  jugal  never  sends  up 
a  process  behind  the  orbit  and  the  post-orbital  ia  a  mere  process  of 
the  frontal  bone,  so  that  the  orbit  and  the  temporal  fossa  open  into 
one  another.  The  eyes  are  of  great  size;  a  bird  has  little  or  no/ 
sense  of  smell,  and  governs  its  life  mainly  by  the  sense  of  sight,  and; 
in  correspondence  the  orbits  or  eye-sockets  are  so  enlarged  that  th^ 
skull  between  them  is  reduced  to  a  thin  vertical  plate,  the  inter- 
orbital  septum,  iu  which  there  is  no  brain  cavity.  This  gi'eat 
developement  of  the  eye-sockets  and  the  obliteration  of  the  brain 
cavity  between  them  is  not,  however,  confined  to  birds:  it  is  found 
as  already  mentioned  in  many  reptiles  also,  and  is  indeed  one 
of  the  several  points  in  which  a  bird's  skull  may  be  said  to  be 
Reptilian.  It  is,  however,  characteristic  of  Birds,  as  opposed  to 
Reptiles,  that  this  interorbital  septum  is  largely  converted  into 
bone.  In  its  hinder  and  tipper  poitions  it  is  composed  of  orbito- 
sphenoid  bones,  like  those  fomid  in  Teleost«an  fish,  which  support 
the  exit  of  the  optic  nerve,  but  in  its  lower  part  it  is  composed  of  a 
vertically  compressed  presphenoid  bone  corresponding  to  that 
which  ossifies  the  front  part  of  the  floor  of  the  cranium  in 
Mammalia.  In  front  the  interorbital  septum  is  continuous  with 
the  internasal  or  ethmoid  septum :  this  latter  is  ossified  by  a 
mesethmotd  bone,  which  unites,  but  not  quite  immoveabty,  with  the 
presphenoid.  The  hinder  part  of  the  floor  of  the  cranium  is  ossified 
by  the  basioccipital  and  basisphenoid  bones,  and  the  front  of  the 
latter  is  drawn  out  into  a  long  spur  called  the  basi sphenoidal  rostrimi. 
Underlying  the  basisphenoid  there  is  a  membrane-bone  called  the 
basitemporal,  a  relic  of  the  parasphenoid  of  Fishes  and  Amphibia. 
In  some  Eeptiles  traces  of  the  front  part  of  this  bone  remain,  but 
never  any  of  the  hinder  portion,  an  indication  that  Birds  are 
descended  from  a  type  of  Reptile  more  primitive  in  some  respects 
than  any  now  existing.  Other  points  of  resemblance  to  Reptiles 
are  that  the  lower  jaw  is  made  up  of  no  less  than  five  distinct 
bones  interlocking  with  each  other ;  and  that  instead  of  there  being 
a  direct  hinging  or  articulation  of  the  lower  jaw  to  the  skull,  a 


^aovGoOt^lc 


486  AVES  [chap. 

bone  called  the  quadrate  is  interposed,  as  in  Eeptiles,  which 
articulates  on  the  one  iiand  with  the  lower  jaw  and  on  the  other  with 
the  skull.  This  quadcate  bone  is  moveable,  and  to  it  in  front  are 
jointed  the  bones  of  the  palate,  the  pterygoids  and  palalioes, 
which  slide  on,  but  are  not  tixed  to  the  base  of  the  skull.  So  that 
when  the  lower  jaw  is  opened,  i.e.  pulled  down,  these  bones  are 
pushed  forward,  and  the  upper  beak,  to  which  they  are  fastened  in 
front,  is  slightly  tilted  up,  thus  increasing  the  width  of  the  gape. 
in  parrots  the  front  part  of  the  akuU,  including  the  bones  of  the 


Fic.  283.    Bmin  o(  ngeon,  Columba  livla  x  about  2. 
1.  Optic  lobcB.        2.  Cerebral  hemisphereB.        3.   Pineal  gland.        4.  Optic 
lobes.         4b.  Optic  cblasma.  5.   Cerebellum.         6.   Lateral  lobe  ot 

cerebellum.         II,   Optic  nerree.         II).   Motor  oculi.         IV,   Palbeticus. 
V.   Trigeminal.         VI,   Abducena.         VII,   Facial,  VIIF,   Audilorj. 

IX.   Gloasopliaryngeal.  X.   Vagus.  XI.   Spioal  acceaao^- 

XII.   Hypoglossal. 

face,  has  an  actual  joint  with  the  hinder  part  of  the  skull.  Thus  it 
follows  that  in  spite  of  the  presence  of  a  quadrato-jugal  the  quadrate 
is  moveable.  It  is  to  be  remembered,  however,  that  the  quadrato- 
jugal  is  here  a  small  flexible  bone,  very  unlike  the  great  bony  bar 
ot  Chelonla  and  Crocodilia.  The  hyoid  apparatus  consists  of  the 
second  and  third  pairs  of  visceral  arches.  The  second  pair,  which 
correspond  to  the  hyoid,  of  Fish,  are  very  short  and  mainly  consist 
of  the  median  piece  or  glosso-hyal,  which  is  closely  connected  lo 
the  median  piece  of  the  third  pair.  The  latter  are  elongated  rods 
to  which  are  attached  the  muscles  which  protnide  the  tongue.    As 
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ia  the  Keptitia,  the  skutl  has  one  central  knob  01 
articulation  with  the  backbone,  not  two,  aa  is  the 
Amphibia  and  Mammalia. 

The  features  peculiar  to  the  Bird  are,  firstly,  the  great  elonga- 
tion of  the  premaxilla  carrying  the  beak  —  this  causes  the  nostrils 
to  be  placed  at  the  base  of  the  snout  instead  of  at  the  tip  as  is  the 
case  with  Keptilea;  secondly,  the  enormous  size  of  the  orbit  and 
theabsenceof  any  bony  bar  to  separate  it  from  the  temporal  fossa, 
or  hollow  on  the  side  of  the  skull,  in  which  the  muscles  that  close 
the  jaws  lie;  and,  thirdly,  the  height  and  arched  character  ol  the 
hinder  part  of  the  skull, 
which  lodges  the  brain. 
The  bones  of  the  skull 
are      usually     indistin- 
guishably  united  in  the 
adult    and    are    hollow 
and    contain    air,    and 
are  in  consequence  very 
light,  as  befits  an  ani- 
mal which  flies.     Simi- 
lar air  spaces  also  exist 
in  the  larger  bones   of 
the    trunk    and    limbs. 
The  insects,  which  also 
have  taken   to  the  air, 
have    somewhat    analo- 
gous     air       reservoirs. 
Like  the  birds,  insects 
also  show  a  large  num- 
ber of  species  which  all 
exhibit  great  uniformity 
of  structure. 

When  the  brain  itself  is  examined,  the  meaning  of  many  of  the 
peculiarities  of  the  skull  are  seen.  What  we  might 
perhaps,  with  a  little  exaggeration,  call  the  organs  of 
thought,  the  hemispheres  of  the  fore- brain,  are  greatly  enlarged, 
being  high  and  rounded.  The  parts  of  the  brain  supplying  the  nose, 
the  olfactory  lobes,  are,  on  the  other  hand,  very  small  and  poorly 
developed,  in  accordance  with  the  feebly-developed  nasal  sacs,  the 
sense  of  smell  being  rudimentary,  as  nientioued  above  (Fig.  283). 
The  brain  is  sharply  bent  on  itself,  so  that  the  optic  lobes  of  the 


F:c.  281.  Thlni  cervical  vertebra  o(  an  Ostrich, 
Strulhto  camtliu  x  1.  A,  anlerinr,  II,  poste- 
rior, C,  doraal  view.  A  and  B  aft«r  Mivart. 

1.  Neural  spine.  2.  Neural  cnnal.  3.  Pn- 
zygapophysiB.  4.  Post-zygapopliysis. 
5.  fosterior  articular  uurtace  of  centrum. 
>^.  Ant«rlor  articular  eurlace  of  centrum.  7. 
\'ertebrart«rial  canal.  8.  Hypapopliysis, 
a  median  ventral  outgrowth  of  ci    ' 
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mid-brain  —  the  portions  connected  with  vision  —  are  pressed  down- 
warda  and  the  hemis|iheres  are  brought  close  to  the  cerebellum, 
which,  in  contradistinction  to  what  is  the  case  in  most  reptiles,  is 
large  and  transversely  wrinkled.  Evidence  is  accumulating  that 
the  main  function  of  the  cerebellum  is  to  stimulate  the  muscles  so 
as  to  bring  about  the  balancing  of  the  body.  Hence  we  can  see 
why  in  both  Fish  and  Birds  it  should  be  so  large,  for  in  their  case 
this  function  is  of  great  importance;  but  it  is  of  much  less  im- 
portance in  the  comparatively  broad-bellied  Amphibia  and  Reptilia, 
where,  as  a  consequence,  the  cerebellum  remains  smaller. 

All  birds  have  comparatively 
long  necks  (Fig.  282),  and  the 
vertebrae  which  form  the  support 
of  this  part  of  the  body  have  the 
surfaces  with  which  they  articulate 
with  one  another  shaped  like 
saddles,  being  concave  from  side  to 
aide  and  convex  from  above  down-  ■ 
wards  in  front  and  exactly  the 
opposite  curvatures  behind  (Fig. 
284).  This  ari-angement  allows 
great  freedom  of  movement,  and, 
as  all  know,  a  bird  is  able  to  twist 
the  head  completely  round  and 
look  straight  backwards. 
yttem'  1"  doing  SO  of  course 
it  squeezes  the  skin  of 
;  side  of  the  neck  and  stretches 
that  of  the  other,  and  so  the  great 
gular  vein,  which  carries  blood 
from  the  head,  is  liable  to  be 
blocked  on  one  side  (Fig.  28C). 
To  obviate  this  difficulty,  the  two 
jugulars  are  connected  by  a  cross  piece  just  under  the  chin,  so 
that  the  blood  from  both  sides  can  always  have  a  free  passage. 
The  carotid  arteries,  which  take  blood  to  the  head,  come  close 
together  at  the  base  of  the  neck  and  nin  up  just  under  the 
vertebrae.  As  they  are  placed  close  to  the  axis  of  rotation  and  are 
further  protected  by  curved  rods  growing  out  from  the  vertebrae 
and  forming  arches  over  them,  they  are  never  compressed,  however 
much  the  bird  twists  its  neck. 


F:<i.  285.  Diagram  of  arterial 
arch  of  a  Bird,  viewed  from  the 
ventral  aspect. 

II.  Second  arWrial  arcli. 
Fourth  arterial  arch.  16.  I'ui- 
monary  artery.  10.  Dorsal 
aorta.  IT.    Right   auricle. 

IB.   Left  auricle.        21.    Rigiii 
ventricle,      -i'i.     Left  ventricle. 
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Turning  iiow  to  the  consideration  of  the  internal  organs,  we 
have  first  to  notice  the  structure  of  the  heart.  In  Bii-ds  the 
ventricle  is  completely  divided  into  two,  a  condition  only  found  in 
the  Crocodiles  among  reptiles,  and  even 
there  the  great  trunks  leaving  the  two 
parts  of  the  ventricle  communicate.  In 
Birds  only  one  arterial  arch  remains 
complete;  this  passes  round  to  the 
right,  coming  off  from  the  left  half  of 
the  ventricle;  in  the  Reptiles,  it  will  be 
recollected,  the  left  fellow  of  this  one 
was  still  present.  From  the  arch  of  the 
aorta  on  each  side  a  brachio-cephalic 
aitery  arises,  which  splits  up  into  a 
carotid  supplying  the  head  and  a  sub- 
clavian for  the  breast  and  wing.  Em- 
bryological  research  shows  that  the  left 
brachio-cephalic  artery  is  a  remnant  of 
the  left  arterial  arch,  present  in  Reptiles 
but  lost  in  the  Bird.  The  subclavian 
artery  divides  into  a  brachial  artery  of 
moderate  size  for  the  wing,  and  a  very 
much  larger  pectoral  artery  which  sup- 
plies the  pectoral  muscles.  These,  as  we 
have  seen,  are  the  real  seat  of  the  activi- 
ties of  the  wing.  The  arteries  supplying 
the  lungs,  the  pulmonaries,  which,  as 
in  the  Reptiles,  have  no  longer  any 
connection  with  the  aorta,  come  off  from 
the  right  side  of  the  heart;  one  passes 
to  each  side  to  reach  the  lungs.  The 
fact  that  the  blood  of  a  bird  is  hot  — 
hotter  even  than  ours  —  is  testimony  to 
the  activity  of  its  life  and  vital  processes. 
The  arteries  of  the  hinder  part  of  the 
trunk  agree  in  their  general  arrangement 
with  those  of  Reptilia  and  Amphibia. 
In  the  venous  system  the  connection  of 
the  two  jui^ulars  has  been  already  referred  to.  The  jiigiilar  joins 
a  large  subclavian  vein  to  form  the  superior  vena  cava.  The 
largest  part  of  the  subclavian  vein,  like  that  of  the  corresponding 


Fio.  286.  Diagram  toshow 
arrangement  t>f  Lhu  priii- 
cliial  veina  of  a  Bird. 

1.  Sinus  venusus— gradu- 
ally disappearing  in  llie 
higlier  forms.  2.  Ductus 
Cuvieri  =  BUperior  vena 
cava.  3.  Iiitern.aljusular 
=  anterior  cardinal  vein. 
5.  Subclavian.  6.  I'oHie- 
rior  cardinal,  front  part. 

7.  Inferior    vena    cava, 

8,  Renal  vni-tal  =  hinder 
part  of  piisiciior  cardinal, 
e.    Caudal.     10.    Sciatic. 

l-'t.  FemWal.  14.  Anae- 
totnosiH  of  jugulars. 
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Fio.  287.    The  chief  viscera  of  the  Pigeon,  Columba  livia  x  ). 
I.   Trachea.       2.    Thymus  gland.       3.   Oesophagus.      4,    Crop.      6.   Syrinx. 
ft.    Heart,       7.    Liven        8.    Gizzard.       9.   Duodenum.       10.   Pancreao. 
U.   Small   intealine.  12.   Rectum.  13.    Cloaca.  14.   Air-otcs. 

15.  Left  carotid.  10.  Left  Bubc lav ian.  IT.  Kight  carotid.  18.  Brachial 
artery.  IS.  Right  gubclavian.  20.  Muscles  of  Byrioz.  21.  Pecto- 
ralia  major  muscle  cut  across. 
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artery,  is  made  up  of  a  pectoral  vein  returning  blood  from  the 
pectoral  muscles.  The  front  parts  of  the  posterior  cardinal  veins 
have  disappeared:  but  their  hinder  parts  remain  as  the  renal-portal 
veins  which  as  usual  arise  by  the  bifurcation  of  the  caudal  vein  and 
receive  on  each  side  a  femoral  and  a  sciatic  vein  from  the  leg.  The 
renal-portal  pours  its  blood  into  the  inferior  vena  cava,  not  as  in 
Amphibia  and  Reptiles  through  a  system  of  capillaries,  but  directly 
by  a  single  vessel  channelled  through  the  substance  of  the  kidney. 
Hence  in  Birds  the  kidney  tubules  receive  blood  only  from  the 
aorta  and  do  not,  as  in  the  lower  Craniata,  receive  a  double  supply. 
From  the  point  where  the  caudal  vein  divides  into  the  two  renal- 
portals  a  vein  is  given  off  which  descends  into  the  mesentery  and 
opens  into  the  posterior  mesenteric  branch  of  the  portal  vein,  thus 
establishing  a  connection  between  tlie  portal  and  cardinal  systems 
of  veins.  This  vein  is  called  the  coccygeo-mesenteric  (12, 
Fig.  286),  and  is  quite  peculiar  to  Birds. 

The  lungs  are  firmly  fitted  in  against  the  ribs ;  they  do  not,  as   i 
in  most  Reptiles  or  as  in  us,  hang  freely  in  a  cavity ;  their  most  I 

remarkable  feature   is  the  possession  of   great  thin-  ' 
mum^"^    walled  bladder-shaped  outgrowths,  the  air-sacs,  of 

which  the  prolongations  extend  even  into  the  bones. 
There  are  nine  of  these  great  air-sacs,  one  placed  at  the  base  of  the 
neck,  and  the  other  eight  situated  in  pairs  at  the  sides  of  the  body 
cavity  under  the  ribs  (Fig.  287).  When  the  ribs  are  in  their  normal 
position,  the  air-sacs  are  expanded,  but  when  the  ribs  are  pulled 
backwards  so  as  to  compress  the  air-sacs,  air  is  driven  out;  when 
the  ribs  and  wall  of  the  body  behind  come  into  their  natural 
position  E^ain,  the  air-sacs  are  expanded  and  air  rushes  in,  filling 
the  lungs  on  its  way.  Breathing  out  or  expiration  is  therefore  the 
active  function,  drawing  iu  air  is  an  elastic  reaction,  the  opposite 
to  what  is  the  case  in  man  and  other  mammals.  The  windpipe 
or  trachea  is  long,  and  the  rings  of  cartilage  which  stiffen  it  are 
complete  hoops,  so  that  it  is  not  easily  compressed  (Fig.  287).  Like 
most  other  land  vertebrates,  birds  have  a  larynx  or  organ  of  voice, 
at  the  top  of  the  trachea  formed  in  tlie  usual  manner  by  the  en- 
largement of  some  of  these  rings  of  cartilage,  and  the  stretching 
of  a  thin  membrane  between  them  and  two  special  cartilages,  the 
arytenoids,  which  lie  at  the  opening  of  the  windpipe  into  the 
gullet.  But  this  organ  of  voice  seems  merely  to  be  an  inheritance 
from  reptile  ancestors,  where  they  probably  were  of  little  use. 
The  effective  organ  of  voice  in  Birds,  the  syrinx,  is  found 
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much  deeper  down,  at  the  spot,  namely,  where  the  windpipe  splits 
into  two  tubes,  the  bronchi,  which  lead  to  the  lungs.  The 
inner  walls  of  the  bronchi,  just  where  they  join  one  another,  are 
thin  and  membranous,  and  together  constitute  the  membraua 
tympaniformis  interna.  From  the  fork  a  flexible  ralve 
termed  the  membrana  semilunaris,  projects  up  into  the  wind- 
pipe, and  as  hei'e  the  cartilage  rings  have  the  form  of  half-hooj)s, 
which  are  drawn  together  by  special  muscles,  the  width  of  the 
opening  of  the  bronchus  into  the  windpipe  is  small.  When  air  is 
forcibly  expelled  the  valve  above  mentioned  is  set  vibrating  like 
the  reed  in  an  organ-pipe,  and  by  this  mechanism  the  sftiig  is 
produced.  The  muscles  which  connect  the  halt-rings  together 
(intrinsic  muscles)  and  two  which  connect  the  syrinx  with  the 
sternum  (extrinsic  muscles)  by  altering  the  tension  of  the  sides 
of  the  trachea,  and  consequently  the  rate  at  which  it  vibrates, 
change  the  piteh  of  the  note  produced. 

The  alimentary  canal  commences  with  the  buccal   cavity  or 
Btomodaeum,  partially  divided  by  the  palatal  flaps  into  an  upper 

air-passage,  and  a  lower  food-passage.     The  tongue,' 
•y'tem."      which  is  pointed  and  horny,  ensheaths  the  glosso- ' 

hyal  bone :  it  is  protruded  by  the  action  of  muscles 
which  pull  the  enlarged  third  visceral  arch  forwards.  Behind  the 
tongue  open  the  ducts  of  the  sub-maxillary  glands;  at  the 
corners  of  the  gape  the  parotid  glands  pour  their  secretion  into 
the  mouth,  whilst  at  the  aides  of  the  tongue  the  sub-lingual 
glands  open.  All  these  glands  are  pouch-like  outgrowths  of  the 
ectoderm  of  the  stomodaeum  and  secrete  a  mucus  which  assists  in 
swallowing  the  food,  and  occasionally  (as  in  Woodpeckers)  in 
causing  the  prey  to  adhere  to  the  tongue.  The  names  indicate  the 
position  of  the  glands,  as,  for  instance,  parotid  (Gr.  irapo,  beside, 
o5s,  oiros,  the  ear).  Following  on  the  buccal  cavity  and  indis- 
tinguishably  fused  with  it  is  the  endodermat  pharynx  into  which 
the  glottis  opens,  and  also  the  persistent  remains  of  the  first  pair 
of  gill-sacs,  the  Eustachian  tubes.  The  pharynx  leads  into  a  long 
gullet  lying  dorsal  to  the  trachea,  which  eventiially  passes  into  the 
,  stomach.  The  gullet  in  the  pigeon  and  many  other  birds  developes 
a  large  thin-walled  outgrowth  on  the  ventral  aide  called  the  crop. 
This  is  used  as  a  storehouse  for  the  food,  and  in  the  Pigeon  may 
be  found  full  of  unaltered  seeds.  The  stomach  has  a  most  charac- 
teristic form  in  Birds;  it  is  sharply  divided  into  two  regions,  an 
anterior  egg-shaped  one,  called  the  proventriculus,  and  a  large 
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posterior  fiattened  one,  called  the  gizzard.  In  the  walls  of  the  pro- 1 
ventriculus  are  found  the  pepsin-forming  glands,  whilst  on  the  other 
hand  the  endoderm  of  the  gizzard  developes  a  homy  lining  which  is 
thin  in  Birds  that  live  on  au  animal  diet,  but  very  thick  in  a  grain- 
eating  Bird  like  the  Pigeon,  where  it  forms  upper  and  lower  horny 
plates.  When  by  the  contraction  of  the  greatly  thickened  visceral 
muscles  of  this  part  of  the  alimentaiy  canat  the  upper  and  lower 
plates  are  brought  together  a  crushing-mill  is  produced  by  which 
the  food  is  broken  up.  The  action  of  this  mill  is  assisted  by 
the  habit  which  many  Birds  possess  of  swallowing  fragments  of 
stone.  A  collection  of  these,  sometimes  including  fragments  of 
glass,  may  be  found  on  opening  the  gizzard  of  a  Pigeon.  It  is  a 
great  developement  of  this  habit  which  has  earned  for  the  Ostrich 
its  reputation  of  flourishing  on  a  diet  of  nails,  penknives,  and  match- 
boxes. The  liver  in  Birds  is  remarkable  for  possessing  two  ducts, 
one  opening  as  usual  close  to  the  pyloric  end  of  the  stomach  and 
one  into  the  distal  end  of  the  first  loop  of  the  intestine.  The  liver 
in  Birds  is  therefore  made  up  of  a  pair  of  outgrowths  of  the  gut. 
The  evidence  gathered  from  the  study  of  all  other  Craniata  leads 
to  the  conclusion  that  the  liver  originated  as  a  single  ventral  out- 
growth from  the  intestine;  and  this  duplication  of  such  an  old- 
established  organ  is  very  remarkable  and  on  the  whole  raie,  though 
not  without  parallel  in  other  groups  of  the  animal  kingdom.  The 
pancreas  of  Birds  has  three  ducts  and  therefore  consists  of  three 
separate  diverticula  instead  of  one;  this  is  an  instance  of  the  same 
phenomenon  as  the  duplication  of  the  liver-duct.  The  intestine  is 
folded  into  four  or  five  loops,  the  arrangement  of  which  has  been 
made  use  of  as  a  basis  for  classification.  It  ends  by  passing  into  a 
short  rectum  or  large  intestine.  At  the  beginning  of  the  rectum  in 
many  Birds  two  long  outgrowths,  the  intestinal  caeca,  are  given  off. 
These  are  rudimentary  in  the  Pigeon.  The  rectum  ends  in  the 
proctodaeum  or  cloaca,  the  upper  part  of  which  receives  the  ducts 
of  the  kidneys  and  reproductive  organs,  whilst  into  the  dorsal  wall 
of  the  lower  and  outer  part  a  glandular  pouch  of  unknown  function, 
called  the  Bursa  Fabricii  (12,  Fig,  288),  opens.  This  becomes 
smaller  and  sometimes  entirely  disappears  in  the  adult  Bird. 

The  structure  of  the  kidneys  and  reproductive  organs  is  essen- 
tially   the    same    as    in    the    Reptilia.      The    meta- 
ar^t^         nephros   in    both    sexes    is    distinctly  divided    into 
lobes.    The  mesonephros  is  represented  by  a  small 
lobed  epididymis  closely  adherent   to  the  testes.     The  supra- 
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renal  body  (4,  Fig.  288)  is  the   same  organ  as  the  adrenal  of 
Amphibia. 

In  most  Birds  there  is  no  special  copulatory  organ,  the  whole 
end  of  the  cloaca  being  turned  inside  out  for  this  purpose,  just  as  in 
Amphibia  and  Rhynchocephala.  That  this  however  is  a  secondary 
and  not  a  primary  state  of  affairs  is  shown  by  the  existence  in 


Fio.  28B.    Tbe  lungs,  kidneja,  and  gonads  of  a  Pigeon,  Cotumba  tivia   x  |. 

1.   Tracliea.       2.    Bronchus.       3.   Lung.      4.    Suprarenal   body.      5.   Omi?. 

fl.   Oviduct.      7.    Lobes  of  kidney.      8.    Ureler.      0,   Aorta.      10.   Bum 

Fabricii.      II.    Rectum.      12.   OpeniDg  of  Bursa  Fabricii.      13.   Openinip 

of  ureters.         14.    Opening  of  oviduct.         15.    Cut  pectoral  muacle. 


Ostriches  and  some  other  Birds  of  a  long  penis  on  the  dorsal  wal! 
of  the  cloaca  similar  in  structure  to  one  of  the  penes  or  copnlatory 
sacs  of  the  Lizard. 

There  is  only  one  ovary ;  an  instance  of  the  economy  one  ob- 
serves throughout  animated  nature,  for  there  is  always  a  tendency 
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when  organs  become  expensive,  that  is  so  large  as  to  be  a  serious 
tax  on  the  system,  to  reduce  their  number,  and  the  production 
of  eggs  of  the  size  of  a  Bird's  is  a  great  drain  on  the  organism. 
There  are  two  oviducts,  but  the  right  is  small  and  useless.  It! 
must  be  remembered  that  the  true  egg  formed  by  the  ovary  isi 
the  yolk;  the  white  and  the  shell  are  additions  derived  from' 
the  oviduct 

The  nests  which  Birds  build  and  their  care  for  the  nestlings, 

whom  they  in  some  cases  feed  at  short  intervals  for 

about  seventeen  hours  out  of  the  twenty-four,  are 
well  known  to  all.  Most  also  are  well  aware  that  many  birds 
migrate  to  other  lands  as  winter  sets  in.  It  is  less  well  known  that 
quite  as  many  migrate  to  lands  further  north  on  the  appi'oach  of 
spring.  Few  imagine  the  enormous  distances  which  are  covered 
by  birds  on  the  wing.  They  constantly  pass  from  the  Bermuda 
Islands  to  the  Bahamas,  600  miles,  without  a  rest.  Many  species 
which  have  their  home  in  North  Africa  go  every  spring  to  North 
Siberia  to  build  their  nests.  They  fly,  when  migrating,  at  such 
heights  in  the  air  as  to  be  quite  invisible  and  attain  a  pace  which 
seems  hardly  credible. 

The  classification  of   Birds   presents   great  difficulties.     They 

used  to  be  divided  into  six  Orders,  viz.  CURSORES, 
Mi'on"  °'  running  birds;  Natatores,  or  swimming  birds; 

Orallatores,  or  wading  birds;  SCAXSORES,  or 
climbing  birds;  Raptores,  or  birds  of  prey;  and  finally,  the 
IxSESSOREN,  or  perching  birds,  a  division  which  includes  all  our 
songsters,  besides  crows,  rooks,  magpies,  spaiTows,  and  many  others. 
Such  a  classification  is,  however,  no  longer  accepted,  because  it  gives 
fundamentally  wrong  ideas  about  the  true  relationships  of  bii-ds. 
The  aquatic  birds,  for  instance,  include  totally  different  types, 
such  as  the  Gull  and  the  Duck,  which  have  been  derived  fi-om  quite 
distinct  families  of  land  birds.  All  are  agreed,  however,  in  sepa- 
rating the  Ostriches  and  their  allies  from  all  the  rest  as  a  great 
main  division,  the  Ratitae  (Lat.  ralix,  a  raft) :  but  it  is  doubtful 
if  this  is  a  "natural  "group.  They  are  distinguished  by  possessing 
a  dwindled  wing,  which  is  useless  for  flight.  This  leads  to  the 
dwindling  of  the  great  wing-ninscles,  the  pectorals,  and  the  con- 
sequent disappearance  of  the  crest  on  the  breastrbone  to  which  they 
are  attached,  and  of  the  collar-bone,  or  clavicle.  The  breast-bone, 
having  no  longer  a  keel,  has  been  compared  to  a  raft,  whence 
the  name  was  suggested.     The  palate  is  also  more  like  that  of  a 
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Reptile  than  is  the  case  with  other  Birds,  for  the  pterygoid  bones 
are  firmly  united  to  the  basi-sphenoid  by  means  of  a  basi-pterygoid 
process  which  springs  from  the  last-named  bone  and  articulates 
with  the  posterior  end  of  the  pterygoid.  The  upper  jaw  therefore 
cannot  be  bent  up.  The  vomers  also  are  very  large  and  only  united 
in  front.  Itehind  they  join  the  basi-sphenoid  and  prevent  the 
palatines  from  tourhing  that  bone. 

These  birds  have  enormously  powerful  legs  and  can  run  at  a 
tremendous  pace.  The  feathers  are  no  longer  required  to  form  a 
compact  surface,  and  hence  the  barbs  have  no  barbules ;  this  is  the 
cause  of  the  soft  downy  character  which  is  so  characteristic  of 
them  and  makes  them  so  prized  for  ornament.  The  true  Ostrich, 
Strulhio,  is  found  in  South  Africa,  Rhea  in  South  America,  the 
Cassowary,  Citsnarius,  and  Emeu,  Dromaeua,  in  Australia  and  New 
Guinea,  and  the  smallest  Katite  bird,  the  Kiwi,  Apteryx,  in  New 
Zealand.  In  historical  times,  however.  New  Zealand  had  the 
largest  of  all  Ratitae,  the  Moas,  Einarnia,  which  had  thigh  bones 
larger  and  thicker  than  those  of  a  horse. 

All  other  birds  are  called  Carjnatae  (Lat.  carina,  a  keel),  and 
are  distinguished  by  having  a  keel  or  crest  on  the  sternum  aud  well- 
developed  flying  muscles.  It  is  impossible  to  define  with  any 
certainty  any  large  main  groups  into  which  they  can  be  divided, 
but  the  number  of  smaller  natural  groups  is  very  large.  Here  we 
can  only  briefly  allude  to  the  main  points  in  which  birds  differ 
from  one  another  and  which  are  relied  on  in  classification. 

These  are:  —  (1)  The  form  of  the  beak:  this  may  be  slender  and 
pointed,  as  in  the  Robin ;  strongly  curved,  with  sharp  cutting  edges, 
as  in  the  Eagle ;  broad  and  lined  internally  with  transverse  ridges, 
as  in  the  Duck.  (2)  The  form  of  the  palate:  this  resembles  that 
of  the  Ostriches  only  in  one  family,  the  Tinamous.  This  type  of 
palate  is  called  dromaeognathous.  In  all  other  Can natae  the 
palatines  slide  on  the  base  of  the  sknlt.  The  maxillae  send  plates 
inwards  towards  the  middle  line  dorsal  to  the  palatines,  called  the 
maxillo-palatines.  When  these  are  united  and  the  vomers  small  or 
absent,  or  when  they  unite  with  the  vomers,  as  in  the  Duck  and 
Hawk,  the  bird  is  said  to  have  a  desraognathous  palate;  when 
the  niaxillo-palatines  remain  separate,  as  in  the  Fowl,  and  the 
vomers  form  a  conspicuous  rod  pointed  in  front,  the  palate  is 
schizognathous;  finally  when  the  maxillo-palatines  remain  sepa- 
rate.and  the  vomers  form  a  truncated  wedge  in  front  but  diverge 
behind,  aegithognathous  is  the  term  used.     (3)  The  form  of  the 
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foot :  there  may  be  three  or  four  toes,  and  these  may  be  connected 
by  a  web  throughout  their  whole  length,  or  only  at  the  base,  or  they 
may  be  quite  free.  The  claws  may  be  blunt,  or  they  may  be  strong, 
grasping  talons;  the  raised  sole,  or  tarsus,  may  be  covered  partly 
with  feathers  or  partly  or  entirely  with  horny  scales.  (4)  Lastly, 
the  manner  the  young  are  cared  for  is  a  most  important  feature. 
Nearly  all  birds  sit  on  or  incubate  their  eggs.  The  Megapodes,  or 
Mound-birds  of  Australia,  however,  merely  collect  a  heap  of  grass 
and  leaves,  and  leave  the  eggs  to  be  hatched  by  the  heat  developed 
in  fermentation.  The  just  hatched  young  of  the  Pheasant  and 
Game-birds  are  able  to  run  about  and  look  after  themselves, 
whereas  those  of  the  Fasseres,  or  Songsters,  require  constant  care 
and  attention  for  a.  long  time.  These  last  are  considered  by 
leading  ornithologists  to  be  the  most  highly  developed  of  all  birds, 
both  as  to  their  intellects  and  their  flying  powers,  so  that  it  is 
hardly  too  much  to  say  that  the  increasing  sacrifice  of  the  parents 
on  behalf  of  the  young  has  had  its  reward,  in  the  improvement  it 
has  brought  about  in  all  the  faculties  of  the  race. 

The  Class  Aves  is  classified  as  follows : 

Sub-Order  I.     Ratitae. 

Aves  with  rudimentary  wings  without  clavicles  or  a  keel 
(carina)  on  the  sternum :  the  pterygoid  bones  united  by  basi- 
pterygoid  processes  to  the  base  of  the  skull. 

Ex.    Siruthio,  Rhea,  Casiiariua,  Apteryx. 
Sub-Order  II.    Carinatae. 

Aves  with  typically  well-developed  wings,  a  large  carina 
on  the  sternum  and  well-developed  clavicles:  the  pterygoid 
bones  moveable  on  the  base  of  the  skull. 

Ex.     Colutn/m. 
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SUB-PHYLt'M    IV.      CrASIATA 
Class  V.     Mammalia 

The  class  Mammalia  (Lat.  mammae,  breasts),  the  last  division 
Qinecai  "^^   ^^^    pliylum    V'ertubrata,    includes   those   animals 

characisr-  which  suckle  their  young.  Like  the  Birds,  they  ai-e 
"*'"■  warm-blooded  and  have  the   ve)itiicle  of  the   heart 

completely  divided  into  two  halves.  But  they  differ  from  Birds  in 
never  possessing  feathers;  only  in  one  ortler  is  the  fore-arm  con- 
verted into  a  wing,  and  even  in  this  case  the  arrangement  of 
tlie  parts  is  quite  different  from  that  in  the  Bird's  wing. 

]iesides  these  ohai-aeters,  however,  there  ai«  a  large  number  of 
others  in  which,  white  Mammals  differ  from  Ixtth  Binls  and  Reptiles, 
the  last-named  two  groups  agree  with  one  another.  So  that 
for  a  long  time  the  opinion  was  held  that  Mammals  were  vastly 
further  i-emoved  from  Reptiles  than  wei-e  Birds ;  and  indeed  if  only 
modern  Reptiles  were  considei-ed  this  could  not  well  be  denied.  If, 
however,  we  examine  the  remains  of  the  Reptiles  which  have  existed 
on  the  earth  in  past  time,  we  come  to  the  conclusion  that  the 
better  way  to  state  the  difference  would  !«  to  say,  that  whereas 
Birds  might  1*  traced  back  to  Reptiles  not  very  unlike  modern 
lizards.  Mammals  are  derived  from  a  type  which  has  died  out, 
leaving  no  modern  representatives;  and  Mammals  are  in  all 
probability  an  older  groiip  than  Birds. 

Just  as  feathers  constitute  an  indubitable  mai'k  of  a  Bird,  so 
true  hairs  are  equally  characteristic  of  Mammals.  It  is  true  that 
the  word  hair  is  loosely  used,  being  often  applied  for  instance  to 
the  delicate  flexible  spines  of  caterpillars,  which  are  constructed  on 
a  tcrtally  different  plan  to  the  hairs  of  Mammals.  A  hair  in  the 
zoological  sense  is  a  rod  composed  of  closely  packed  cells  converted 
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into  horn,  and  under  a  microscope  the  outline  of  these  cells  can  be 
seen  like  a  mosaic  on  the  surface  of  the  hair. 

We  saw  that  a  feather  originated  as  a  little  knob,  the  outside 
of  which  was  composed  of  horny  cells,  whilst  the  interior  consisted 
of  soft  living  tissue  supplied  with  blood-vessels ;  a  hair  on  the  other 
hand  makes  its  appearance  as  a  cylinder  of  horny  cells  growing  down 
from  the  skin  into  the  soft  tissue  underneath.  This  cylinder  then 
becomes  split  into  an  outer  sheath  and  an  imier  core,  the  latter  of 


Fia.  280.  Section  through  the  skin  of  a  Mammal.  Highly  magnified. 
Dia^raiumatic. 
1,  Outer  iajer  of  dead  horny  cells  wliicli  are  rubbed  off  from  time  to  time, 
Slralvm  rornetim.  2.  Deeper  layer  of  cells  retaining  their  protojilaam, 
Slralum  Malpiyhii.  3.  Dermis  or  C'orfum.  4.  A  hair.  5.  Sweat- 
gland.  U.  (.>peniiig  of  the  duct  of  ilie  aweai-gland.  7.  Sebaceuiis  or 
oil-gland.  8.  Krertor  muscle  of  the  hair.  tl.  Fibrea  of  the  coimecliTe- 
tissue.  10.  Bloud-vessel.  11.  Papilla  couveying  blood-vessels  to 

the  hair. 

which  elongates  and  forms  the  hair,  whilst  the  former  i-emains 
stationary  and  constitutes  the  follicle  of  the  hair.  The  growth  of 
the  hair  is  rendered  ixissible  by  a  little  plug  of  dermis  carrying 
blood-vessels,  which  is  pushed  up  into  the  lower  end  of  the  hair. 
In  consequence  of  the  rich  supply  of  footi  brought  by  these  vessels 
to  the  deep  cells  of  the  ectoderm  lying  above  them,  these  cells 
bud  off  horny  cells  with  great  rapidity  and  i)ersistenee,  and  in  this 
way  a  column  of  horny  cells  is  formed  ivhieh  pushes  out  the  okler 
pait  of  the  hair  and  causes  the  whole  structure  to  assume  a  great 
length,  sometimes  (as  in  women)  equalling  that  of  the  body.     The 
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plug  of  dermis  is  called  the  papilla,  of  the  hair,  and  whea  it  dies 
from  insufficient  nourishment  baldness  ensues.  In  a  few  cases 
hairs  may  be  aggregated  so  as  to  form  overlapping  scales,  and 
practically  all  Mammals  have  nails  or  claws  on  the  fingers  and  toes 
which  are  modifications  of  the  reptilian  scale. 

Perspiration  or  sweat  is  also  characteristic  of  Mammals. 
This  consists  of  a  fluid  secreted  by  certain  cells  of  the  skin  which 
remain  soft  and  are  not  converted  into  horn  like  most  of  the  outer 
cells.  The  cells  which  manufacture  the  perspiration  are  arranged 
to  form  long  tubes  called  sweat- glands,  which  penetrate  far  below 
the  ectoderm  into  the  dermis  underneath  (Fig.  289).  The  pro- 
duction of  perspiration  is  an  arrangement  by  means  of  which  the 
beat  of  the  body  is  lowered,  and  by  which  certain  excreta  leave 
the  body.  The  fluid  poured  out  carries  off  a  certain  amount  of 
heat  and  by  its  evaporation  cools  the  skin.  Besides  the  sweat- 
glands  there  are  other  tubes  which  are  invaginations  of  the  ecto- 
derm, lined  by  a  special  kind  of  cell.  These  tubes,  called  fat  or 
sebaceous  glands,  open  into  the  hair  follicles.  They  secrete 
the  oil  or  fatty  substance  which  gives  the  natural  gloss  to  the  fur 
(Fig.  289). 

Mammals,  as  we  have  seen,  feed  their  young  after  they  are  born 
by  suckling  them,  that  is  providing  them  with  milk.  This  milk  is 
a  peculiar  fluid  produced  by  the  mammary  glands,  consisting  of 
ectodermal  tubes  crowded  together  over  certain  areas  of  the  ventral 
surface.  They  open  at  certain  spots,  raised  above  the  geneiul  level, 
which  constitute  the  nipple  (or  teat).  Many  zoologists  believe 
that  the  mammary  glands  ai'e  really  only  modifications  of  the 
ordinary  sweatrglands  and  sebaceous  glands,  for  in  the  lowest  Mam- 
mals there  is  no  special  raised  skin  area  which  can  be  called  a  teat. 

As  regards  their  internal  structure  the  great  differences  between 
Mammals  on  the  one  hand,  and  Reptiles  and  Birds  on  the  other, 
are  to  be  found  in  the  skull,  the  brain,  and  the  limbs,  and,  to  a 
lesser  extent,  in  the  heart  and  the  arrangement  of  the  great  arteries 
and  veins. 

Turning  first  to  the  skull,  we  And  that  in  a  Mammal,  instead  of 
having  only  one  knob  or  condyle  to  fit  into  a  cup  on  the  first 
vertebra,  as  is  the  case  with  Birds  and  Reptiles,  the  skull  has  two, 
which  are  projections  of  the  ex-oocipitat  bones  that  wall  in  the 
sides  of  the  foramen  magnum,  whereas  in  Birds  the  single 
condyle  is  an  outgrowth  of  the  basi -occipital  bone  that  forms  the 
floor  of  the  foramen  magnum  (Fig.  290).    Then  the  brain,  instead 
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of  lying  behind  the  eyes, 
extends  forward  between 
and  above  them;  there 
is  consequently  no  in- 
terorbital  septum,  and 
the  side  walls  of  the 
brain-case  are  thorough- 
ly and  firmly  ossified, 
not  merely  represented 
by  a  vertical  plate  im- 
perfectly ossified,  as  in 
a  Bird,  or  nearly  entirely 
membranous,  as  in  some 
Reptiles.  These  walls 
are  in  fact  constituted 
of  alisphenoid  bones 
behind  and  orbito- 
sphenoid  bones  in 
front,  whilst  a  strong 
mesethmoid  bone  is 
developed  in  the  inter- 
nasal  septum.  This 
septum  is  prolonged 
beyond  the  bones  of  the 
face  by  a  cartilaginous 
plate  forming  the  sup- 
port of  a  flexible  nose 
or  muzzle;  this  is  a 
feature  quite  peculiar  to 
Mammals.  The  base  of 
the  cranium  is  com- 
pletely ossified,  not  only 
behind  by  the  basi-occi- 
pital  and  basi-sphenoid 
bones  but  in  front  by 
the  pre-sphenoid  bones. 
To  the  last-named  the 
conjoined  vomers  are 
attached,  forming  a 
wedge  -  shaped  mass 
which     projects    down- 


1.    Supra-occipital.  2.    Foramen   magnum. 

3.  Occipital  condyle.  4.  Tympanic  bulla. 
6.  Basi-occipital.  6.  Baai-apbenoid.  T.  Ex- 
ternal auditory  meatus.       6.    Glenoid  foaaa. 

9.  Foramen  lacerum medium, apferlure through 
which  the  internal  carotid  poascB  to  the  brain. 

10.  Fostglenold  foramen.  11,  Ali-aphenoid. 
12.  Pre-spbeaoid.  18.  Vomer.  14.  Jugal. 
16,  Pterygoid,  16.  Palatal  process  of 
palatine.  IT.  Palatal  process  of  maxilla. 
18.  Posterior  palatine  fommen.  10.  An- 
terior palntine  foramen.  20.  Pnlalal  proceaa 
of  premaxilla.  21.  Opening  of  tube  in 
all-sphenoid  bone  tbtougb  nbich  the  carotid 
artery  passes.  22.  Hole  for  passage  ot 
Eustachian  tube,  23.  Process  of  stiuamosal 
to  act  as  a  slay  for  condyle  of  lower  jaw. 

II-XII.  Exits  of  cranial  nerves.  1 2.  Second 
incisors,  C.  Canine.  pm  I,  pm  4.  First 
and  fourth  premolar.      m  1.   First  molar. 
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wards  aad  divides  the  air-spaee  above  the  palatal  folds  into  two. 
The  Dame  (LaL  vomer,  ploughshare)  is  derived  from  the  shape  of 
the  bone  in  Mammals ;  it  ia  inappropriate  as  a  descriptioD  of  its 
sha)>e  in  other  Craniata.  The  pterygoid  bones  take  the  form  of  thin 
1  vertical     plates;      they 

are  attached  throughout 
their  whole  leugth  to  the 
side  wall  of  the  cranium 
in  the  region  of  the  ali- 
sphenoid.  As  in  Croco- 
diliaand  desmognathoua 
Birds,  the  palatal  folds 
are  united  in  the  middle 
line;  the  bones  support- 
ing them  are  processes  of 
the  premaxillary,  maxil- 
I  lary,  and  palatine  bones. 

Between   the   pterygoid 
bones,  however,  the  palar 
tal  folds  form  a  purely 
muscular  bridge,  called 
the  soft  palate,  which 
ends     posteriorly    in    a 
projecting    lobe,    called 
the  uvula,  lying  close 
to    the    glottis.       The 
processes  of  the  palatine 
bones  always  meet  so  as 
to  form  a  bony  bridge, 
called  the  hard  palate; 
those  of  the  premaxilla 
I  maxilla  do  so  to  a 
certain    extent,  leaving 
however  vacuities  known 
as  the  anterior  pala- 
e      foramina     (19, 
Fig.  290).     (The  posterior  palatine  foramina  are  small  holes 
in  the  palatine  bones  for  the  transmission  of  blood-vessels.)     As  in 
Clielonia,  there  is  only  a  lower  temporal  arca^le,  which  is  formed 
mainly  by  the  cheek-bone  or  juga!.    There  is,  however,  no  quadrato- 
jugal,  and  the  jugal  joins  a  process  of  the  squamosal,  which  is  a 


Fiu.  201.  Dorsal  view  of  the  cranium  of  a  Dog, 
Cnnii  fanlliaris  x  j. 

I.  Supra-occipital.  2.  Parietal.  3.  Frontal, 
4.  Naaal.  b.  Maxilla  (facial  portion). 
6,  Fremaxitla.  T.  Squamosal.  S.  Ju^l. 
10.  I'oatorbital  process  of  frontal.  II.  Infra- 
orbital foramen.  12.  Anterior  palatine  fora- 
men. 13.  LaHirymal  foramen.  i  1.  First 
Incisor.        c.   Canine.        pm  4.    Fourth  pre- 
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large  bone  covering  the  side  of  the  skull  and  almost  concealing  the 
conjoined  bones  of  the  auditory  capsule  from  view.  It  is  charac- 
teristic of  Mammalia  that  these  bones,  which  in  the  embryo  are 
distinct  from  one  another,  unite  to  form  a  single  bone,  called  the 
periotic,  which  is  fused  to  the  squamosal.  In  Reptiles,  on  the 
other  hand,  the  epiotic  joins  the  supva-occipital  and  the  opisthotic 
the  ex-occipital,  whilst  the  prootic  remains  distinct.  The  outer  ear, 
the  funnel-shaped  passage  leading  into  the  tympanum,  which  is 
termed  the. meatus  auditorius  externus,  is  surrounded  by  a 
bone  called  the  tym  panic,  often  swollen  into  a  rounded  form  and 
then  termed  the  tympanic  bulla.  There  is  often  a  tube-like 
prolongation  of  this  bone  into  the  base  of  the  ear-flap  or  pinna. 

There  is  no  quadi-ate  recognisable  as  such,  the  lower  jaw  con- 
sisting of  a  single  dentary  bone  on  each  side,  which  articulates  with 
a  smooth  cup-shaped  facet  on  the  squamosal,  called  the  glenoid 
cavity.  Occupying  the  position  of  the  pre-f rental  bone  in  Reptiles 
is  a  small  bone  called  the  lachrymal.  This  bone  derives  its  uame 
from  the  fact  that  it  is  pierced  by  a  hole  called  the  lachrymal 
foramen  (13,  Fig.  291),  which  permits  of  the  passage  of  a  duct 
leading  from  the  orbit  to  the  cavity  of  the  nose.  This  duct  carries 
off  the  excess  of  tears  (Lat.  lacrima,  a  tear),  the  secretion  of  the 
lachrymal  gland,  a  developement  of  the  ectoderm  between  the  eyelid 
and  the  eye.  The  lip-bones,  the  premaxilla,  and  maxilla,  are 
well  developed  and  like  the  dentary  normally  bear  teeth,  all  of 
which  are  implanted  in  distinct  sockets  formed  by  the  upgrowth  of 
the  bone  which  bears  them.  Many  of  these  teeth  ai-e  rooted,  that 
is  to  say,  after  a  certain  time  the  dermal  papilla  on  which  the 
tooth  is  moulded  becomes  constricted  at  the  base,  so  aa  to  be 
connected  by  only  a  narrow  neck  with  the  adjacent  connective- 
tissue,  this  appearing  in  the  dried  tooth  as  a  small  hole  through 
which  a  blood-vessel  passes.  The  term  root  is  applied  to  the 
dentine  surrounding  the  narrow  neck.  When  it  is  formed,  growth 
of  the  tooth  ceases. 

The  teeth  of  Mammalia  are  amongst  their  most  characteristic 
organs;  they  are  more  differentiated  than  those  of  other  Craniata, 
and  from  the  evidence  they  afford  it  is  possible  to  identify  many 
fossil  remains  as  mammalian. 

Theyaretypicallydifferentiatedintofourkinds,  viz.  incisors  or 
cutting  teeth,  canines  or  stabbing  teeth,  premolars  and  molars, 
which  taken  together  are  termed  cheek-teeth  or  back-teeth  (Fig. 
292).     The  incisors  are  borne  by  the  premasilla  and  have  sharp, 
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straight  edges  adapted  for  cutting  morsels  of  convenient  size  from 
the  food.  The  canines  and  hinder  teeth  are  borne  by  the  maxilla. 
The  canines  are  pointed  teeth  used  for  the  purpose  of  killing  prey 
or  for  defence  against  enemies,  or  in  the  fights  which  occur  among 
males  for  the  possession  of  females.  The  premolars  have  at  least 
one  cutting  edge,  often  two  or  more  parallel  to  one  another;  they 
are  used  to  cut  up  the  morsels  which  have  been  taken  into  the 
mouth.     Finally  the  molars  have  broad  surfaces  with  which  the 


Fio.  292.     Dentition  of  a.  Dog,  Canis  fammarU  x  ). 

i  2.   Second  Incisor.      c   Canine.      pin  I,  pm  4.   Firat  and  fourth  premolars. 

m  1.   FiiBt  niolar. 

food  is  sufficiently  broken  up  to  permit  of  its  being  swallowed. 
The  teeth  of  the  lower  jaw  are  of  course  all  borne  by  the  dentary, 
and  they  are  divided  into  the  same  varieties  as  those  in  the  upper 
jaw.  In  Elasmobranchii,  as  we  have  seen  (p.  Stto),  the  teeth  are 
enlarged  scales  developed  on  a  fold  of  skin  which  ia  invaginated 
within  the  lip,  and  as  one  row  of  teeth  becomes  worn  out  another 
takes  its  place,  the  skin  bearing  the  old  teeth  slipping  forward  over 
the  lip.     In  the  higher  Ci'aniata  this  fold  is  represented  by  a  solid 


^aovGoOt^lc 


XIX.]  TEETH  505 

wedge  of  ectoderm,  called  the  enamel  germ,  but  in  Amphibia  and 
Beptilia  it  only  bears  one  row  of  teeth.  In  Majnmalia  it  normally 
produces  two,  the  first  of  which  laats  only  for  a  short  time  during  the 
youth  of  the  animal,  and  is  known  as  the  milk  dentition  ;  the  teeth 
belonging  to  this  row  are  pushed  out  of  the  gum  by  those  of  the 
second  row,  or  permanent  dentition,  which  last  throughout  the 
life  of  the  animal.  In  the  milk  dentition  there  are  only  incisors, 
canines,  and  molars;  the  milk  molai'S  are  succeeded  by  the  pre- 
molars of  the  permanent  dentition,  whilst  the  permanent  molai's 
have  no  predecessors  and  are  regarded  as  belated  members  of 
the  first  dentition.  The  teeth  of  Mammalia  have  undergone  pro- 
found modifications  in  accordance  with  the  different  habits  assumed 
by  different  memljers  of  the  class,  and  are  one  of  the  principal 
features  on  which  the  division  of  Mammalia  into  orders  is  based. 

From  a  study  of  the  dentition  of  living  Mammalia  the  con- 
clusion is  arrived  at  that  the  typical  number  of  teeth,  that  is  to 
say,  the  number  which  the  common  ancestral  form  possessed,  may 
be  estimated  at  44,  i.e.  11  on  each  side  of  each  jaw,  made  up  of  three 
incisors,  one  canine,  four  premolars,  and  three  molars.  This  fact  is 
3. 1. 4. 3 
3.1.4.3' 

the  teeth  on  each  side  of  the  upper  jaw  and  the  lower  line  those  on 
each  side  of  the  lower  jaw. 

The  complete  absence  of  the  quadrate  bone  in  the  upper,  and  of 
the  articular  in  the  lower  jaw  has  given  rise  to  much  speculation  as 
to  what  has  become  of  these  elements,  which  are  so  constantly 
present  in  Avea  and  Reptilia  and  are  distinctly  represented  by 
cartilage  even  in  Amphibia.  For  a  long  time  the  favourite  theory 
was  that  they  had  been  metamorphosed  into  the  so-called  ossicula 
audit  us  or  bones  of  hearing.  In  Anui'a,  Reptilia,  and  Aves  sound 
is  conveyed  from  the  ear-drum  or  tympanum  to  the  wall  of  the 
auditory  capsule  by  a  single  rod,  called  the  columella  auris.  In 
Mammalia,  however,  the  connection  is  effected  by  a  chain  of  three 
small  bones  called  the  malleus  (Lat.  hammer),  incus  (Lat.  anvil) 
and  stapes  (Lat.  stirrup)  respectively,  the  last  named  being 
apposed  to  a  membranous  spot  in  the  auditory  capsule,  called  the 
fenestra  ovalis,  whilst  the  malleus  is  in  contact  with  tlie  ear- 
drum. 

Now  since  in  the  embryo  both  malleus  and  incus  are  represented 
by  blocks  of  cartilage  which  are  for  some  time  in  continuity  with 
Meckel's  cartil^e  (v.  p.  356),  it  was  natural  to  suppose  that  tliey 
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were  representatives  of  the  articular  and  quadrate  bones  which  in 
lower  Craniata  are  portions  of  the  first  visceral  arch.  The  study, 
however,  of  the  extinct  Reptiles  that  show  the  closest  approximation 
to  Mammalia  has  rendered  another  view  more  probable.  In  these 
Reptiles  the  quadrate  is  very  small,  and  is  enveloped  in  the  huge 
squamosal  which  extends  downwards  and  backwards  and  forms  part 
of  the  articulator  for  the  lower  jaw.  This  tendency  to  the  covering 
of  the  quadrate  is  also  observable  to  a  slight  extent  in  living 
Chelonia ;  and  in  this  group  the  quadrate  is  observed  to  be  bent 
around  the  anterior  wall  of  the  outer  ear  or  meatus  auditoriua 
externus  and  the  Eustachian  tube.  Taking  everything  into  con- 
sideration it  appears  probable  that  the  quailrate  is  represented  in 
Mammalia  by  the  tympanic  bone,  and  that  the  ossicula  auditfls  owe 
their  origin  to  the  segmentation  of  the  columella  auris,  their  intimate 
coiuiection  with  Meckel's  cartilage  being  paralleled  by  the  fusion 
of  the  columella  and  the  Meckel's  cartilage  in  Crocodilia.  This 
tendency  to  fusion  of  the  columella  and  lower  jaw  is  interpreted  as 
meaning  that  the  columella  is  a  relic  of  the  hyomandibular  bone  of 
Fish,  and  that  in  the  ancestors  of  terrestrial  Vertebrata  the  auto- 
stylic  articulation  was  derived  from  the  hyostylic. 

The  articular  bone  has  probably  entirely  disappeared  in  Mam- 
malia; when  it  was  no  longer  used  as  an  articulation  it  would  first 
cease  to  ossify  and  then  become  indistinguishable  from  the  rest  of 
Meckel's  cartilage.  Doubtless  a  similar  fate  would  have  overtaken 
the  quadrate  but  for  its  secondary  use  as  a  protection  to  the 
tympanic  cavity. 

The  chief  peculiarity  of  the  brain  as  compared  with  Reptiles  is 
the  greater  developement  of  the  cerebral  hemispheres,  in 
proportion  to  the  hind-brain  or  cerebellum.  The  former  overlap 
completely  and  conceal  the  thalameuccphalon  and  the  mid-brain, 
and  they  are  connected  with  one  another  by  a  great  transverse  band 
of  nerve-fibres,  called  the  corpus  callosum.  It  is  customary  to 
map  out  the  surface  of  the  hemispheres  into  regions,  in  order  to 
facilitate  description  in  delimiting  the  areas  which  control  the 
action  of  various  parts  of  the  bo<ly.  These  regions  are  called 
frontal,  parietal,  and  temporal  lolies.  The  temporal  lobe  is  sepa- 
rated from  the  frontal  by  a  deep  groove  called  the  Sylvian  fissure 
(11,  Fig.  293,  A).  How  well  the  increased  size  of  the  cerebrum  is 
reflected  in  the  shape  of  the  cranium  will  be  seen  when  it  is 
recollected  that  the  frontals  and  parietais,  which  represent  merely 
the  membrane  covering  the  anterior  fontanelle,  not  only  form  the 
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roof  of  the  cranium  but  a  large  part  of  its  domed  side-wait ;  and 
further  that  the  orbitosphenoid  and  alisphenoid,  which  are  portione 
of  the  cartilaginous  brain-case,  are  restricted  to  the  base  of  the 


FiQ.  203.  Brain  of  Rabbit,  Lfpua  evaieului  x  2. 
A.  Dorsal  aspect.  B.  Venlral  aspect. 
.  OlfMtoi?  lobe.  2.  Pituitary  body,  3.  Cnira  cerebri.  4.  PhKAl 
gUnd.  6.  Anterior  pair  of  corpora  quadrlgeiuiiia.  6.  Pons  Torolli. 
7.  Cerebellum.  8.  Lateral  lobe  of  cerebellum.  8.  Floccular  lobe  of 
oerebellum.  10.  Medulla  oblongata.  11.  Sylvian  fissure  separating 
the  frontal  lobe  12  from  tbe  temp()ral  lobe  behind.  I.  Origin  of  firet 
or  olfactory  nerven.  II,  Oplic  or  second  nerves  arising  from  the  optic 
chiaatua.  HI.  Third  or  motor  oculi  nerve.  IV.  Fourth  or  pathetlcDB 
nerve.  V.  Fifth  or  trigeminal  nerve.  VI.  Sixth  or  abduceus  nerve. 
VII.     Seventh   or  facial   nerve.  VIII.    Eighth   or  auditory   nerve. 

IX.    Ninth  or  glossopharyngeal  nerve.         X.    Tenth  or  vagus  nerve. 
XI.  Eleventh  or  spinaJ  accessory  nerve.        XII.  Twelfth  or  hypoglossal 
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skull.  The  cerebrum  has  in  fact  protruded  through  the  anterior 
foDtanelle,  pushing  the  membrane  before  it.  The  same  phenomenon 
is  observable  in  Birds,  but  not  in  Reptiles  or  Amphibia.  The 
cerebellum,  however,  is  also  well  developed,  just  as  in  Birds, 
having  indeed  in  addition  to  the  lateral  lobes  an  outer  pair  of 
lat«ral  projections,  called  flocculi,  embedded  in  a  hollow  of  the 
bone  that  covers  the  inner  ear  (Fig.  293).  The  two  halves  of  the 
cerebellum  are  connected  witli  one  another  by  a  powerful  band  of 
fibres  in  the  floor  of  the  brain,  called  the  pons  varolii.  Speaking 
generally,  the  differences  between  the  brains  of  Birds  and  Mammals 
are  traceable  to  the  great  importance  of  the  sense  of  sight  in  the 
first  class,  and  of  smell  in  the  second.  Hence  in  Mammals,  the 
mid-brain,  which  receives  the  optic  nerves,  is  comparatively  feebly 
developed,  and  does  not  form,  as 
in  Birds,  two  large  lateral  lobes, 
although  its  roof  is  raised  into  two 
pairs  of  slight  projections,  called 
the  corpora  quadrigemina, 
whereas  the  part  corresponding  to 
the  sense  of  smell,  which  is  very 
feeble  in  a  Bird,  is  well  developed 
in  a  Mammal,  being  represented 
by  the  two  pear-shaped  olfactory 
lobes  jutting  out  in  the  front  of 
the  fore-brain.  The  nose,  except 
in  aquatic  Mammalia,  is  a  highly 
developed  sense-organ.  The  epi- 
thelium lining  it  is  produced  into 
scroll-like  folds  which  are  sup- 
ported by  thin  plates  of  bone  arising 
from  the  mesethmoid,  and  called 
ethmo-turbinals.  Above,  whei-e 
the  mesethmoid  joins  the  orbito- 
sphenoid,  so  numerous  are  the 
apertures  in  it  to  allow  the  bundles 
of  nerve-fibres  from  the  olfactory 
cells  to  pass  to  the  brain,  that  this 
is  reduced  to  a  sieve,  whence  it  has  received 
iform  plate.  From  the  maxilla,  which  forms 
the  outer  wall  of  the  lower  part  of  the  nasal  tube,  a  similar  scroll- 
like bone,  the  maxillo-turhinal,  arises  which  supports  a  corre- 


Fio.  204.  Sternum  and  atemal  ribs 
of  a  Dog,  Canit  familiariK  x  f 

1.  Presternum.  2.  First  sterne- 
bra  of  meaosiernum.  3.  Last 
stemebni  of  mesoslerauin. 
4.  Xipbiaumum.  Tbe  flattened 
cartila^noua  plate  terminaling 
tbe  xipbisternum  is  not  stiown. 
&.  Fiist  Bternsl  rib. 

part  of  the  1 
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spondiog  fold  of  epithelium.     This  fold,  however,  is  supplied  only 
by  the  second  division  of  the  fifth  nerve,  and  is  not  believed  to 


Fio.  2So.     Skeleton  of  Rabbit,  Lepus  cunUutus  x  ).     In  sitting  position. 

have  any  olfactory  function,  but  merely  to  act  as  a.  filter  to  free  the 
inmshing  air  from  grosser  particles  before  it  reaches  the  delicate 
olfactory  epithelium. 
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The  Deck  region  of  >IaiuinaU  (with  rare  exceptions)  always 
conftints  of  seven  vertebrae,  and  thus  whereas  a  long-necked  bird 
like  the  swan  has  Duiaerous  short  vertebrae  in  this  region,  in  a 
long-necked  Mammal  like  the  Gira&e  the  same  region  consists  of 
seven  iinmenBety  long  vertebrae.  The  sternum  of  Mammals  also  is 
peculiar,  conflicting  of  distinct  pieces  or  stern ebrae.  The  first  of 
these  is  called  the  pre'sternum,  and  bears  a  crest  for  the  attach- 
ment of  the  pectoral  muscles ;  the  last  ends  in  a  spade-like  siphoid 
cartilage,  and  is  called  the  xiphistemum.  The  intervening 
segments  constitute  the  sternebrae  of  the  mesosternum.  The 
lower  ends  of  a  pair  of  ribs  are  attached  opposite  the  junction  of 
two  sternebrae  (Fig.  294). 

In  Mammalia  as  in  other  Amniota  the  centrum  is  formed  from 
the  interventral,  and  the  head  of  the  rib  is  articulated  between  two 
vertebrae;  the  articulation  is  not  shifted  on  to  the  vertebra  as  in 
Crocodilia.  The  vertebrae  have  no  cup  and  ball  articulations 
with  one  another  like  those  of  Amphibia,  Reptilia,  and  Aves,  since 
the  thick  intervertebral  cartilage  allows  of  sufficient  lateral  bending, 
and  the  centra  have  flat  ends  which  ossify  late  and  for  some 
time  form  separable  discs  of  bone  called  epiphyses.  These  do 
not  rejiresent  any  new  elements  in  the  centrum,  but  only  a  method 
of  ossification  found  only  in  the  limb-bones  in  other  Craniata,  but 
in  Mammalia  extending  to  the  vertebrae.  This  method  consists 
in  first  forming  a  tube  of  bone  round  the  centre  of  the  cartilage,  the 
ends  of  which  remain  soft  and  capable  of  further  growth,  being  only 
replaced  by  l>one  when  growth  is  diminishing,  and  united  with  the 
main  ossiflcition  when  growth  has  ceased. 

In  the  fore-limbs  of  Mammals  the  chief  point  to  be  noticed  is 
the  reduction  in  size  of  the  pectoral  girdle  to  which  the  fore- 
limbs  are  attached.  The  lower  part  of  this,  the  coracoid,  which 
in  Kirds  and  Keptilea  is  a  large,  strong  bone  meeting  the  sternum, 
is  hero,  with  tho  exception  of  a  few  primitive  forms,  a  small  hook 
with  no  connection  at  all  with  the  sterniun.  Hence  the  pectoral 
girdle  is  much  more  moveable  than  is  elsewhere  the  case,  and  takes 
part  in  the  movements  of  the  limb.  It  is  therefore  not  surprising 
to  find  that  the  up]>er  portion  of  the  girdle,  the  shoulder-blade  or 
scapula,  is  broad,  affording  a  large  surface  for  the  attachment  of 
muscles;  and  that  its  surface  is  still  further  increased  by  the 
presence  of  a  sharp  vertical  ridge  rising  up  along  its  middle  line 
(Fig.  20i)).  To  the  end  of  this  spine,  as  it  is  called,  the  collar- 
bone or  clavicle  is  attached;  this  bone  extends  inwards  to  the 


^aovGoOt^lc 


XIX.]  SKELETON  511 

Btemum  and  is  loosely  connected  with  it.     In  some  Mammals  the 
clavicle  is  abseat. 

The  general  form  of  the  pelvic  girdle  to  vbioh  the  hinder 
limbs  are  attached  is  not  very 
-jnlike  that  of  Birds ;  but  there  are 
two  important  differences.  First, 
the  ilia  or  hip-bones  are  only  ^ 
attached  for  a  very  short  distance 
to  the  backbone ;  and  secondly,  the 
lower  bones  of  thegirdle,  the  pubis 
and  ischium,  meet  their  fellows  of 
the  opposite  side  in  front  of  the 
belly  beneath  the  anus,  whereas 
in  Birds  they  do  not  even  approach 
each  other  in  this  place,  though 
in  Rhea  the  iscbia  do  meet  dorsal 
to  the  anus.  It  follows  that  this 
part  of  the  body  is  extensible  in 
birds  and  can  he  stretched  as  the 
large  egg  passes  out  through  the 
oviduct. 

The  leg  of  Mammals  differs  from 
that  of  Birds  and  Reptiles  in  that 
the  ankle-joint  is  situated  be- 
tween the  bones  of  the  shank  (the 
tibia  and  the  fibula)  and  the  small 
bones  of  the  ankle,  instead  of  in  the 
middle  of  these  small  bones  (Pig. 
295).  The  heel-bone  or  calcaneum 
is  one  of  the  uppermost  tier  of 
ankle-bones  and  corresponds  to  the 
bones  calledfibulare  in  the  general 
scheme  of  the  pentadactyle  limb. 
It  is  prolonged  into  the  heel,  to  which  the  great  gastrocnemial 
muscles  which  form  the  calf  of  the  leg  and  which  raise  the  heel  are 
attached. 

Turning  now  to  the  blood  system  of  Mammals  we  find  that  the 
red  blood  corpuscles  which  give  the  colour  to  the  blood  are  unlike 
those  of  other  Vertebrates.  They  have  no  nuclei,  are  much  smaller 
and  (except  in  the  Camel)  are  ro\in<l,  not  oval,  as  in  all  lower  Verte- 
brates.    Like  Birds,  but  unlike  most  Reptiles,  the  Mammals  have  a 


Fta.  29(1.  Diiigram  of  arterial  arch 
of  a,  Mnuiniol  (Rabbit),  viewed 
from  Uie  ventiul  aspect. 

li.  Second  arterial  arch  complete 
□n  the  left  where  it  joins  the 
aorta,  Incomplete  on  the  right 
wbere  it  merely  forms  the  com- 
mon stem  (innominate  artery) 
of  the  carotid  and  EUbclavian 
arteries.  IV,  Fourth  aiterlal 
arch,  16.  Pulmonary  artery. 
la.  Doreal  aorta.  17.  Right 
auricle.  16.  Left     auricle. 

21.  Right  ventricle.  22.  I>«ft 
ventricle.  23.  Right  carotid 
artery.  24.  Left  carotid  artery. 
26.  Right  Bubclavian  artery, 
28.  Left  subclavian  artery. 
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fout-chambered  Leart;  the  main  blood-vessel,  the  aorta,  is  supplied 
by  the  left  systemic  arch  alone,  the  right  one  being  cut  off  from 
connection  with  it  and  being  represented  by  the  common  trunk  of 
the  right  carotid  and  subclavian  arteries,  the  so-called  innominate 
artery  (Fig.  296).  This  is  exactly 
the  converse  of  the  arrangement 
in  Birds,  and  only  one  pulmonary 
arch  remains  from  which  both  lunge 
are  supplied,  but  this  is  the  left 
one,  not  the  right  as  in  Snakes 
(compare  Figs.  266  and  296). 

in  the  venous  system  the  blood 
from  the  head  is  returned  by  ex- 
ternal and  internal  jugular  veins, 
the  former  being  much  the  lai^r. 
The  hinder  portions  of  the  pos- 
terior cardinal  veins  have  quite 
disappeared  and  the  caudal  vein  is 
continued  directly  into  the  inferior 
vena  cava,  so  that  there  is  no  longer 
even  the  outward  appearance  of  a 
renal-portal  system.  The  anterior 
portions  of  the  posterior  cardinals, 
however,  persist  as  the  venae 
azygos  and  hemiazygos,  which  on 
each  side  receive  the  veins  from 
the  spaces  between  the  ribs  —  the 
intercostal  veins.  Only  that  on 
the  right — the  vena  azygos — reaches 
the  Ductus  Cuvieri  (superior  vena 
'a)i  the  left  cardinal  or  vena 
hemiazygos  developes  a  transverse 
branch  through  which  its  blood 
joins  that  of  the  right  cardinal,  and 
the  veins  from  the  legs,  instead  of 
traversing  the  kidneys,  empty  at 
once  into  a  great  vena  cava  inferior  situated  in  the  middle 
line  of  the  back,  which  is  joined  higher  up  by  two  short  veins 
from  the  kidneys  (Fig.  297). 

One  of  the  most  interesting  peculiarities  of  Mammals  is  their 
breathing  mechanism.     It  will  be  remembered  that  whereas  the 


Fio.  297.  Diagram  to  show  the 
BrraD^meiii  of  the  principal 
veins  in  a  Mammal. 

1.  SiiiDS  venoeus — gradually  dis- 
appearing in  the  higher  forms. 
2.  Ductus  Cuvieri  =  superior 
venacava.  3.  Internal jugular= 
antarior  cardinal  siiiua  i.  Ex- 
ternal jugular  =  Eub-branchial. 
5.  Subclarian.  6.  Posterior 
cardinal  front  part  =  venae 
azygOB  and  hemiazygos.  7.  In- 
ferior vena  cava.  9,  Caudal. 
10.  Sciatic  =  inlenial  iliac. 
13.    Femoral=  extent^  iliac. 
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Amphib  a  simply  swallow  air,  in  the  Reptiles  the  size  of  the  cheat 
cavity  is  enlarged  by  pulling  the  vibs  forward  and  then  separating 
them,  and  as  the  lungs  are  closely  attached  to  the  wall  of  the 
chest,  they  are  likewise  enlarged  and  air  rushes  into  them.  In 
Mammals  this  same  mechanism  exists,  but  in  addition  there  is  a 
totally  independent  means  of  pumping  air  into  the  lung.  This  is 
rendered  possible  by  the  existence  of  a  diaphragm,  a  partition 
convex  in  front  which  separates"  the  coelom  of  the  chest  from  the  rest 
of  the  body  cavity.  This  partition  is  partly  muscular,  and  when  the 
muscle  conti-acts  the  whole  membrane  is  tightened  and  necessarily 
flattens,  with  the  result  that  the  chest  cavity  is  enlarged  and  air 
enters  the  lungs.  The  action  of  the  diaphragm  in  fact  is  precisely 
similar  to  that  of  the  muscular  floor  of  the  mantle-cavity  of  the 
snail.  The  diaphragm  is  attached  ventrally  to  the  xiphoid  carti- 
lage, dorsally  to  the  vertebral  column,  and  laterally  to  the  ventral 
edges  of  the  hinder  ribs  which  do  not  reach  the  sternum.  By  it  the 
coelom  of  the  mammal  is  separated  into  a  thoracic  division  in  front 
and  an  abdominal  one  behind.  Since  therefore  all  the  vertebrae 
which  bear  recognisable  ribs  which  reach  the  sternum  belong  to 
the  thoracic  region,  they  are  termed  thoracic  vertebrae,  whilst  the 
ribless  vei-tebrae  of  the  abdominal  region  are  denominated  lumbar. 
In  the  digestive  system  the  principal  peculiarity  of  Mammals  is 
the  high  state  of  developement  of  the  salivary  glands.  These 
glands  are  tubes,  outgrowths  of  the  ectoderm  of  the  mouth-cavity 
or  stomodaeum ;  they  secrete  a  fluid  which  moistens  the  food  and  is 
swallowed  with  it,  promoting  digestion.  They  are  foreshadowed  by 
small  glands  in  frogs  and  snakes,  but  in  Jlammals  they  form  three 
large  masses,  viz.  the  sub-lingual,  underneath  the  tongue,  the 
sub-maxi!lary,  under  the  angle  of  the  jaw,  and  the  parotid, 
just  under  the  ear.  Glands  in  similar  positions  are  found  in  some 
Birds  (see  p.  491),  but  those  of  Mammalia  secrete  in  addition  to 
mucus  a  ferment,  called  ptyalin,  which  turns  starch  into  sugar, 
ao  that  the  secretion  which  is  called  saliva  when  swallowed  aids 
digestion.  The  developement  of  the  large  intestine  which  acts  as  a 
reservoir  for  the  faeces  is'  also  a  characteristic  of  the  Mammalian 
alimentary  canal. 

Mammals  are  divided  into  three  great  primary  divisions  or 
sub-classes  according  to  the  structure  of  the  ovary 
"*'  "'    '    and   oviduct   and   to  the   stage  of  developement  at- 
tained by  the  young  at  birth.     The  lowest  forms  have  large  eggs 
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Fio.  298.    The  Duckbill,  Ornithorhynehns  anattnvt. 

like  those  of  birds :  in  the  higher  forms  the  egg  is  at  first  small  but 
has  the  power  of  absorbing  nourishment  from  the  vail  of  the  oviduct, 
which  is  here  enlarged  to  form  a  womb 
or  uterus.  In  the  highest  division  a  spe- 
cial organ  of  absorption,  the  placenta, 
is  developed,  aa  an  enlargement  of  the 
embryonic  bladder. 

The  sub-classes  are  called : 
I.    Frototheria,  or  primitive  mam- 
mals. 
II.    Metatheria,  or  modified  mam- 
mals. 
III.    EuTHERiA,  or  perfect  mammals. 


Fio.  390.  Diagram  to  illus- 
trate the  arranjienieiit  of 
tbe  female  genital  ducts 
in  the  Prototberia. 

1.  Ovary.  2.  Oviduoal 
funnel.  3.   Oviduct. 

4.   Opening  into  cloaca. 


Sub-class  I.  Prototheria 
The  Prototheria  include  two  extra- 
ordinary animals,  the  Omitkorhynchus 
(Platupiis),  or  duck-billed  mole,  and 
the  Echidna,  or  spiny  ant-eater,  which 
are  fouud  only  in  Australia,  New  Guinea, 
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and  Tasmania.     In  these  animals  large  eggs  with  a  firm  shell  are 
laid  in  a  nest  and  incubated  by  the  mother,  and  in  harmony  with 
this  arrangement  the  two  oviducts  are  lai-ge  throughout  the  whole 
of  their  length,  and  do  not  join  each  other  at  any  point  but  open 
along  with  the  intestine  into  a  common  vent  or  cloaca,  as  is  the 
case  with  Birds  and  Reptiles.     The  ureters  do  not  open  into  the 
bladder  as  they  do  in  all  other  Mammalia,  but  they  and  the  bladder 
open  separately  into  the  cloaca.    In  the  male  a  copulatory  organ  or 
penis    is    present    opening   into 
the  cloaca  behind,  and  in  front 
protruded  from  the  cloaca.    After 
they  are  hatched  the  young  re- 
ceive   milk    from    the    mother. 
There  is   no  teat,  but  the  fluid 
from  the  milk  glands  seems  to 
soak  into  the  hair  and  thence  is 
sucked  by  the  young.      Before 
birth  the  young  receive  no  nu- 
trition at  all  from  the  mother. 

The  skeleton  of  the  Proto- 
theria  presents  many  interesting 
features  of  agreement  with  the 
Reptiles ;  thus  the  vertebrae 
have  no  epiphyses,  and  there  is 
not  only  a  complete  coracoid 
ailiculating  with  the  sternum, 
but  also  two  epicoracoids  which 
overlap.  Underneath  these  there 
are  two  clavicles  and  an  inter- 
clavicle,  so  that  the  shoulder- 
girdle  recalls  the  complicated 
one  of  the  Lizard. 

OnnthoThynchua  has  webbed 
feet  and  lives  in  the  water,  feed- 
ing on  worms  and  insects,  which 
it  digs  out  of  the  mud  by  its  brofd,  shovel-like  snout,  whence 
the  name  Duckbill  (Fig.  298).  It  crushes  its  prey  by  means  of 
homy  plates,  which  ai-e  really  patches  of  the  hardened  gum;  when 
it  is  young,  however,  it  has  true  calcareous  teeth,  two  or  three  on 
each  side  of  each  jaw,  but  these  it  loses  when  it  grows  older.  These 
teeth  are  covered  by  several  rows  of  small  points  or  tubercles. 


F:o.  300.  Ventral  view  of  the  shoulder- 
fiinlle  and  si«niuin  or  tt  Duckbill, 
Ornlthorhyiicktts  piiraduzui  x  |. 
After  Tarker. 

1  and  2.    Scapula.  3.   Coracoid. 

4.  Eplcoracnid.  6.  Glenoid 

cavity.  0.  Interclavicle.  7.  Clavicle. 
8,    I'reHienium.  St.  Tliiril  seg- 

ment of  uiesosteinum.  10.  Sternal 
rib,  II.  InterinediaW  rib.  Vi.  Ver- 
tebral rib. 
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Similar  teeth  are  found  amongst  the  oldest  remains  of  Mammals 
which  are  known. 

Echidna  lives  on  ants  and  other  insects,  which  it  ensnares  by 
putting  out  its  tongue  covered  with  sticky  saliva.  Like  other  ant- 
eaters  it  has  a  long  snout  and  no  teeth.  It  is  covered  with  stiff 
spines  like  a  porcupine. 


Sub-class  II.   Metatheria 


The  division  Metatheria  includes  the  curious  pouched  Mammals 
of  Australia  and  the  neighbouring  islands  and  the  Opossums  of 
America.  In  these  animals  the  egg  is  exceedingly  small,  and 
■  the  egg-tube  is  divided  into  an  upiier  part  of  correspondingly 
narrow  diameter,  called  the  Fallopian  tube,  and  a  lower,  wider 
part,  called  the  uterus  or  womb.  In  this 
latter  the  small  egg  lies  for  a  while  and 
rapidly  grows  and  developes,  absorbiog 
food  from  the  womb  through  the  thin 
egg-membrane,  since  there  is  never  any 
egg-shell.  Deneath  the  womb  comes  the 
lowest  part  of  the  e^-tube,  the  so^alled 
vagina.  The  two  vaginae  come  into 
close  contact  with  each  other  above  and 
then  diverge,  both  opening  below  ap- 
parently into  the  lowest  part  of  tk 
bladder,  as  do  the  vasa  deferentia  in  thp 
male.  What  seems  to  be  the  lowest  part 
of  the  bladder  is  really  the  front  porttoD 
of  the  cloaca,  which  has  become  separated 
from  the  part  behind  that  receives  the 
opening  of  the  intestine.  This  common 
vestibule  for  excretory  and  reproductive 
ducts  is  called  the  urino-genital  sinus 
and  its  opening  is  distinct  from  that  of 
the  intestine  or  anus,  although  the  two 
openings  are  still  surrounded  by  a  common 
muscle.  From  the  spot  where  the  vaginae  meet  above  a  pouch 
called  the  median  vagina  is  oft«n  developed.  This  ends  blindly 
in  the  young  female,  but  in  the  mature  female  it  acquires  an 
opening  into  the  urino-genital  ainus  and  through  this  opening  the 


Pip,  301.  Diagram  to  illiw 
(rate  the  arrangement  w 
the  female  genital  duels 
ol  the  Metatheri 

1,  Ovary.  2.  Oviducal 
tunnel.  6.  Fallopiai 

iul>e.  6.     Utenii. 

T.  Vagina.      S.   Median 
vaginal  pouch.      9.  I. 
no-genital  veBtibula. 
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embryo  is  bom,  the  lateral  vaginae  serving  merely  to  admit  the 
spermatozoa  from  the  male. 

When  the  young  are  born  they  appear  not  as  eggs  but  as  little 
mammals,  which  are,  however,  exceedingly  small  in  size.    They  are 


then  placed  by  the  mother,  who  is  said  to  transfer  them  with  her 
lips,  in  a  pouch  made  by  a  fold  of  skin  on  the  lower  part  of  her 
body,  whence  the  name  Marsupials  (Lat.  marsupium,  a  pouch), 
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often  given  to  these  animals.  This  pouch  is  supported  hj  two 
epipubic  bones  running  forward  from  the  pubes.  Similar  structures 
are  found  in  Prototheria,  in  Crocodiles,  and  in  Urodela,  although 
of  course  these  animals  have  no  pouch.  The  young  are  quite 
incapable  of  feeding  themselves,  and  Iherefore  the  mother  by  com- 
pressing the  muscles  of  the  belly  squeezes  the  milk-gland  and  forces 
milk  down  their  throats.  In  order  to  allow  the  young  one  to 
breathe  at  the  same  time,  the  back  of  the  soft  palate  is  wrapped 
round  the  upper  end  of  the  windpipe,  which  projects  into  the  throat 
so  that  the  air  passes  from  the  nose  straight  down  the  windpipe  whilst 
milk  flows  down  at  the  sides  of  the  air-passage  into  the  stomach. 

In  the  mandible  the  angle,  that  is  to  say  the  lower  and  posterior 
end,  is  as  a  rule  prolonged  inwards  as  a  horizontal  shelf  of  bone. 
By  tliia  feature  fossil  skulls  are  rect^nised  as  belonging  to  the 
^letatheria. 


Fio.  30.1.     Skull  of  T>esnear's  KRng3ro<vrat.  B'ttnngia  Usuetiri.     To  exhibit 
Diprotodom  type  of  dentition. 

The  living  Metatheria  are  divided  into  two  great  orders,  of  which 
the  first  is  mainly  carnivorous  and  the  second  herbivorous,  though 
some  members  of  both  are  insectivorous.  The  first  order  is  termed 
POLYPROTODONTIA;  the  animals  Composing  it  have  at  least  four 
incisors  on  each  side  of  the  upper  jaw  and  three  on  each  side  of  the 
lower,  whence  the  name  (Gr.  jroXv,  many,  irpaiTot,  foremost,  S&6vtk, 
teeth).  The  DlPROTODONTlA,  as  the  second  order  is  called,  derive 
their  name  from  the  circumstance  that  in  the  lower  jaw  there  is 
one  large  pointed  incisor  on  each  aide,  the  others  being  rudimentary 
or  absent,  so  that  only  two  prominent  teeth  are  observable  (Gr,  &-, 
two).  The  Polyprotodontia  are  represented  in  America  by  the 
family  of  the  Opossums,  DioELPHinAE,  which  is  confined  to  that 
continent.     It  includes  24  species,   most  of  which  are  found  in 
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Mexico,  CcDtral  America,  and  Brazil,  but  one,  the  Virginian 
opossum,  Didelpkis  marsupialis,  ranges  north  as  far  as  the  south 
bank  of  the  Hudson  river.  In  all  the  Didelphidae  the  great  toe 
is  large  and  can  be  separated  from  the  other  toes  so  as  with  them 
to  gi-asp  a  support;  it  is  ^aid  to  be  "prehensile."  In  Australia 
the  Polyprotodontia  are  represented  by  three  families,  viz,  the 
Dasyuridae,  the  Peramelidae,  and  the  Notorvctidae.  The 
first  family  includes  the  animals  known  as  native  cats,  which 
resemble  the  American  opossums,  but  are  distinguished  from  them 
by  the  smaller  number  of  incisor  teeth  and  by  having  a  rudi- 
mentary first  digit  in  both  fore-  and  hind-feet,  whereas  in  the 


Fio.  304.     Banded  Anl-eater,  Murmeeobitu  fattiattii  x  ). 

opossum,  as  we  have  seen,  this  digit  is  long  and  prehensile. 
The  largest  member  of  the  family  is  Tkylaciniis  cynocephahm, 
the  Tasmanian  wolf,  now  confined  to  the  wilder  parts  of  Tas- 
mania; it  has  a  skull  which  strikingly  resembles  that  of  a  dog; 
in  its  habits  it  resembles  the  wolf  and  is  very  destructive  to  sheep. 
The  Banded  Ant«ater,  Mi/rmecobius  fascialns,  is  an  aberrant  mem- 
ber of  the  same  family,  which  lives  on  insects,  which  it  captures 
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with  its  loDg  tongue.  The  insects  are  made  to  adhere  to  this 
organ  by  the  viscid  saliva.  The  teeth,  though  rudimeutary,  are 
distinct.  There  is  no  pouch;  the  young  when  first  born  cling  to 
the  teats  and  conceal  themselves  in  the  iong  hair  of  the  mother's 
abdomen.  The  Perahelidae  or  Bandicoots  are  small  animals  some- 
what resembling  Rabbits  and  Hares  in  their  appearance  but  with 
pointed  muzzles ;  they  are  remarkable  in  possessing  a  type  of  toot 
characteristic  of  the  Diprotodontia.  The  Notoryctiuae  include 
the  single  genus  Notoryctes,  which  in  habits  and  appeai-ance  resem- 
bles the  Mole,  a  similar  mode  of  life  having  brought  about  similar 
modifications  of  structure. 

The  order  Diprotodontia  includes  a  number  of  species  confined, 
with  one  exception,  to  Australia  and  the  neighbouring  islands. 
One  species,  the  only  living  representative  of  the  family  Epanor- 
THiDAE,  has  been  recently  found  in  South  America.  This  animal, 
which  has  received  the  name  Cenoleatea  uliginosus,  has  feet  like 
the  DiDELPUiDAE,  and  this  circumstance  renders  it  possible  that 
it  has  been  independently  evolved  from  the  Didelphidae,  whereas 
the  other  members  of  the  order  seem  to  have  been  derived 
from  forms  like  the  Perauelidae.  The  typical  Diprotodontia 
have  the  second,  third,  fourth,  and  fifth  toes  of  the  hind-foot 
united  by  a  web  of  skin.  The  fourth  is  the  strongest  toe, 
the  fifth  is  a  little  shorter,  but  usually  nearly  sls  stout  as  the 
fourth;  the  second  and  third,  though  as  long  as  the  fourth,  are 
much  more  slender,  whilst  the  great  toe  is  often  rudimentary. 
Exclusive  of  the  Kpanorthidae  there  are  three  families  in  the 
sub-order.  The  first  family,  the  Phascolomyidae,  consists  of  one 
genus,  Phaswlomys,  the  Wombat,  represented  by  three  species. 
The  Phascolomyidae  are  distinguished  by  possessing  only  one 
incisor  on  each  side  of  the  upper  jaw,  and  as  both  upper  and  lower 
incisors  are  chisel-shaped  the  dentition  resembles  that  of  a  Beaver 
or  Rat.  Wombats  are  heavy  animals  with  a  shuffling  gait,  about 
the  size  and  appearance  of  a  Badger. 

Thesecondfamily,  the  PuALAMGBRiDAE,  or  Australian  opossums, 
have  normally  three  incisors  on  each  side  of  the  upper  jaw ;  the 
foi'e-  and  hind-ltmbs  are  of  about  the  same  size,  and  the  great  toe 
is  prehensile.  These  are  small  animals  which  like  squirrels  live  in 
trees,  and  several  species  possess  a  parachute-like  membrane  ex- 
tending from  fore-  to  hind-limb,  by  the  aid  of  which  they  sustain 
themselves  in  the  air  during  their  great  leaps  from  tree  to  tree. 
Pliascolarettia,  the  so-called  native  Bear,  is  a  clumsy  tailless  Pha- 
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langer,  ia  which  the  prehensile  great  toe  is  specially  well  developed. 
The  Macropodidae,  or  Kangaroos,  are  the  most  peculiar  family  of 
Uiprotodontia,  and  indeed  of  the  Metatheria.  They  resemble  the 
Pbalangeridae  in  having  three  upper  incisors  on  each  side,  but 
differ  totally  in  the  structure  ot  the  limbs.  The  fore-limbs  are  so 
small  as  to  be  used  only  for  grasping,  and  locomotion  is  effected  by 
a  series  of  leaps  carried  out  by  the  hind-limbs  aided  by  the  power- 
ful tail.  The  sole  of  the  hind-foot  is  e:ccessive1y  narrow,  the  second 
and  third  digits  being  represented  by  bones  so  slender  that  they 
take  uo  part  in  supporting  the  body.  Macropus  giganteus,  the 
grey  Kangaroo  or  "Old  Man,"  may  obtain  a  height  of  from  4  to  5 
feet.  The  fourth  toe  of  the  hind-foot  has  a  powerful  claw  with 
which  when  the  animal  is  brought  to  bay  it  has  been  known  to  rip 
open  a  dog.  The  allied  genus  Petrogale  includes  smaller  species, 
called  Rock  Wallabies,  with  only  a  short  claw  on  the  hind-foot. 
As  their  name  implies  they  frequent  rocky  regions.  The  so-called 
Kangaroo-rats,  Betiongia  and  others,  are  nocturnal  animals  of  small 
size,  which  live  on  leaves,  grass,  and  roots,  the  last  of  which  they 
dig  up  with  their  fore-paws. 


Sub-class  III.      EUTHERIA 

The  highest  division  of  the  UTammalia,  the  Eutheria,  includes 
all  the  most  familiar  animals,  —  hedgehogs,  rats,  rabbits,  cats,  dogs, 
lions,  tigers,  horses,  oxen,  whales,  elephants,  monkeys,  up  to  and 
including  man  himself.  In  them  as  in  the  Metatheria  the  egg  is 
exceedingly  small;  in  Man  and  the  domestic  animals  for  instance, 
it  varies  from  y^  to  5-J5  inch  in  diameter.  The  upper  part  of  the 
oviduct,  the  Fallopian  tube,  is  consequently  narrow ;  the  womb  is 
however  enlarged,  tor  the  egg  not  only  lies  there  a  long  time  — 
called  the  period  of  gestation  or  pregnancy  —  but  as  it  is 
developing  into  the  young  mammal  a  special  organ  called  the 
placenta  is  developed,  which  grows  out  and  becomes  interlocked 
with  folds  in  the  womb-wall.  This  organ  is  nothing  but  an 
enormous  developement  of  the  bladder  of  the  embryo,  which  is 
called  the  allantois,  and  which  is  also  developed  in  the  embryo  of 
Birds  and  Reptiles,  where  it  subserves  respiration  and  lies  above 
the  embryo  beneath  the  egg-shell.  In  Eutheria  the  surface  of  the 
allantois  is  covered  with  outgrowths  called  villi,  which  fit  into  pits 
on  the  wall  of  the  womb.    Both  the  membrane  covering  the  allantois 
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and  the  lining  of  the  womb  degenerate,  allowing  the  blood-vessels 
of  mother  and  embryo  to  come  into  close  contact.  The  placenta 
becomes  gorged  with  blood  driven  into  it  by  the  heart  of  the 
developing  embryo,  and  at  the  same  time  the  womb  becomes 
inflamed  and  loses  its  epithelium,  so  that  the  blood  of  the  mother 
and  that  of  the  young  approach  very  closely  to  each  other.  They 
are  only  separated  by  the  thin  outer  wall  of  the  placenta,  and  nour- 
ishment diffuses  from  the  one  to  the  other ;  so  close  is  the  connection 
that  when  the  embryo  is  bom  and  passes  out  of  the  womb  carrying 
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I.    vaginn.        o.    unuo-geniia 

with  it  the  placenta,  the  latter  in  most  cases  tears  open  the  vessels 
in  the  wall  of  the  womb,  and  the  mother  loses  a  considerable 
quantity  of  blood.  The  lowest  parts  of  the  two  oviducts  are  com- 
pletely joined  and  pass  into  a  single  passage,  the  vagina,  whilst  the 
middle  portions,  or  the  wombs,  are  sometimes  quite  separate,  as  in 
the  rabbit  (A,  Fig.  305),  sometimes  partly  united  as  in  the  cat, 
rarely  completely  joined  as  in  monkeys  and  man  (B,  Fig,  305). 

Order  I.     Edentata 

When  we  take  a  general  survey  of  the  orders  or  main  divisions 
into  which  the  Entheria  are  divided  we  find  that  wn  have  three  or 
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four  strange  groups,  the  relations  of  which  to  the  others  it  is  most 
difficult  to  decide.  These  include  the  curious  Edentata  of  South 
AmericajComprising  three  families,  the  Bkadypodidae  or  Sloths, the 
Myrmecofhaoiuae  or  American  Ant-eaters,  and  the  Dasypodidae 
or  Armadillos.  With  these  the  South  African  forms,  included  in 
the  families  Manidae  or  Scaly  Ant-eaters  and  Orycteropodidae 
or  Cape  Ant-eaters,  are  usually  grouped,  though  their  relationship 
is  a  matter  of  doubt.  The  name  means  "  toothless,"  and  was 
given  to  them  by  the  early  naturalists  because  they  supposed  them 
to  be  devoid  of  teeth.  This  is  only  the  case  with  one  small  family, 
the  Ant-eaters,  or  Mvrmecopuaqidae,  which,  like  Echidna,  have 
lost  their  teeth  through   disuse.     In   the  rest  there  are  teeth, 


but  front  teeth  are  always  wanting.  In  the  adult  none  of  the 
teeth  have  enamel  and  all  are  similar  to  each  other.  The 
hands  and  feet  are  armed  with  great  curved  claws,  adapted 
for  holding  on  to  supports,  not  for  grasping  or  attacking,  and 
incapable  of  being  retracted  or  pulled  back.  Consequently  the 
hands  and  feet  are  like  hooks,  on  which  the  animals  walk 
clumsily,  bending  the  fingers  under  them.  The  apparent  want 
of  utility  is,  however,  explained  when  the  animals  are  looked  at  in 
their  natural  surroundings.  It  is  then  seen  that  one  family,  the 
Sloths  (Bradypodidae),  spend  all  their  time  climbing  about  on  trees, 
on  the  leaves  of  which  they  feed.  In  order  to  enable  them  to  escape 
detection  by  their  enemies  there  is  a  remarkable  adaptation.  The 
surface  of  the  hairs  is  grooved  and  affords  a  resting-place  for  a 
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unicellular  Alga  which  causes  the  animal  to  have  a  greenish  appea^ 
ance  so  as  to  be  almost  invisible  amidst  the  folii^e.    The  second 


family  includes  the  true  Ant-eaters  or  Myrmrcophagidae;  in  these 
the  strong  claws  are  used  for  pulling  down  and  digging  up  ant-hilts. 
The  muzzle  is  long  and  toothless.    There  is  a  very  long  tongu^ 
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and  euormous  salivary  glands,  the  sticky  secretiou  of  which  entiaps 
the  ants.  The  Tauandua  Ant-eater,  Tamandiia  tetradadyla,  of 
Central  and  South  America  is  arboreal  in  its  habits  and  lives  in  the 
dense  primeval  forests  of  the  New  World;  it  uses  its  strong 
claws  for  climbing  and  has  a  prehensile  tail.  The  third  family, 
the  Armadillos,  Dasypodidae,  can  dig  with  such  rapidity  that  a 
comparatively  large  animal  will  scoop  out  a  burrow  for  itself  in  a 
few  minutes.  These  Armadillos  are  also  very  remarkable  as  being 
the  only  Mammals  in  which  the  dermis  or  deeper  skin  developes 
into  hard  bony  plates  such  as  we  find  in  Turties  and  Crocodiles, 


FiQ.  30e.     Wbite-bellied  PanKDHn,  Manis  Iricuspis. 

■whilst  the  hair  on  the  upper  part  of  the  body  is  replaced  by  horny 
scales  like  those  of  snakes  and  lizards,  covering  the  bony  plates. 

It  is  thought  that  in  comparatively  recent  times,  geologically 
speaking.  South  America  was  an  island,  and  just  as  Australia  has 
preserved  some  curious  animals  which  never  could  have  held  their 
ground  against  the  powerful  lions  and  tigers  and  wolves  of  the  Old 
World,  so  in  South  America  evolution  seems  to  have  run  a  course 
of  its  own. 

In  Africa  there  are  found  two  other  genera  of  Ant-eaters,  Manis, 
the  scaly  Ant-eater,  also  found  in  Eastern  Asia,  and  Orycteropus, 
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the  Cape  Ant-eater,  both  of  which  are  usually  classed  under  the 
Edentata.  Manig  has  the  hair  agglutinated  to  form  overlapping 
scales,  but  has  no  dermal  plates,  and  no  teeth.  M.  triciis)}i»  is 
arboreal  in  its  habits.  Orycteroptis  has  peculiar  folded  teeth  and 
scanty  hair.  It  is  termed  by  the  Boers  the  Aard-vark  or  Earth-pig, 
and  is  nocturnal  in  its  habits,  sleeping  during  the  day  in  burrows 
which  are  usually  found  in  the  neighbourhood  of  the  large  ant- 
mounds  so  common  on  the  veldt  Neither  genus  is  believed  now 
to  have  any  close  afSnity  with  true  Edentata,  their  reproductive 
organs  being  markedly  different  from  those  of  the  S.  American 
forma,  and  they  are  provisionally  grouped  together  in  an  order 
termed  the  EFFODIEntia. 


Marine  Mammals 

The  second  and  third  strange  groups,  the  relations  of  which  to 
the  rest  of  the  Mammals  are  unknown,  are  the  two 
Mani">is.  groups  inhabiting  the  sea,  viz.  the  Whales  or  Cetacea, 
and  the  Sea-cows  or  Sirenia.  Both  of  these  have  some 
peculiarities  in  common,  due  to  their  having  adapted  themselves 
to  peculiar  and  —  for  a  Mammal  —  unnatural  conditions.  Thus 
both  Whales  and  Sea-cows  have  lost  all  outward  trace  of  hind- 
limbs,  although  a  pair  of  small  bones  representing  them  are  found 
embedded  in  the  body.  In  both  the  tail  has  become  flattened, 
developing  flukes  or  fins  at  the  sides,  and,  as  in  Fishes,  it  is 
by  strokes  of  the  tail  that  these  Mammals  principally  move.  But 
whereas  in  Fishes  the  tail  moves  from  side  to  side,  here,  in  accordance 
with  its  form,  it  moves  up  and  down.  Both  Whales  and  Sea^^ows 
have  lost  nearly  all  hair ;  Whales  retain  only  one  or  two  traces  about 
the  lips,  whereas  in  Sea-cows  there  are  scanty  bristles  all  over  the 
body,  and  the  lips  are  thickly  covered.  The  other  Mammals  which 
have  taken  to  the  sea,  the  Seals  and  their  allies,  are  provided  with 
a  thick  coating  of  hair  (see  p.  £3S). 

We  saw  that  the  nose  in  Fishes  was  a  sense-organ,  adapted  to 
perceive,  by  its  chemical  action,  gases  and  other  substances 
dissolved  in  the  water.  When  land-animals  were  evolved,  the  air 
needed  for  breathing  was  drawn  in  past  the  nose;  the  oro-nasal 
groove  leading  from  the  nose  to  the  mouth,  which  was  at  first  an 
open  gutter,  became  changed  into  a  closed  channel,  the  nasal  passage, 
and  the  nose  became  modified  in  order  to  perceive  vapours  mixed 


^aovGoOt^lc 


XIX.]  MARINE   MAMMALS  527 

with  air.  In  the  marine  Mammals  air  ia  still  drawn  in  through  the 
naaaJ  passage,  but  they  are  coucevned  qo  longer  with  perceiving 
things  which  emit  vapours  into  the  air,  but  rather,  like  fishes,  with 
sulistances  dissolved  in  the  surrounding  water.  Since  the  true  nose, 
the  sense-organ,  owing  to  its  new  connection  with  breathing,  cannot 
be  used  for  perceiving  substances  in  the  water,  it  ceases  to  be  of 
use,  and  becomes  vestigial;  the  nasal  bones  shrink  away  into  small 
remnants  and  the  nasal  opening  is  placed  far  back  on  the  snout  near 
what  appears  to  be  the  top  of  the  animal's  head. 

Order  II.    Cetacea 

The  order  of  Whales  is  distinguished  by  the  great  rounded 
cranium  and  by  the  elongation  of  the  bones  of  the  face  and  jaws. 
These  support  an  immense  prow-like  snout  formed  chiefly  of  fat, 
which  ia  an  admirable  buttress  of  defence  for  the  animal's  skull. 
The  supra-occipital  bone  is  of  gi-eat  size  and  forms  the  posterior 
surface  of  the  cranial  dome,  interposing  l>etweeD  the  small 
parietals  and  meeting  the  frontal.  The  frantals  develope  great 
orbital  plates  flanking  the  face,  beneath  which  ts  the  small  orbit, 
bounded  below  by  the  slender  jugal.  In  Whales  also  the  teats  are 
situated  far  back,  as  they  ai'e  in  cows,  and  the  mother  forces  the 
milk  down  the  young  one's  throat;  for  in  the  Whale,  as  in  the 
young  marsupial,  the  windpipe  and  nose  aie  directly  connected; 
only  here  the  connection  lasts  through  life  and  allows  a  Whale  to 
swim  through  the  water  with  its  mouth  open  whilst  it  breathes  at 
the  same  time. 

Whales  are  dividedinto  two  sub-orders,  the  whalebone  Whales  or 
MYSTACOCETI  and  the  toothed  Whales  or  Odontoceti.  In  the 
latter  there  are  numerous  teeth,  but  they  are  all  alike  and  siiaple 
(Fig.  309),  and  the  maxilla  developes  a  great  crest  which  conceals 
the  orbital  plate  of  the  frontal.  The  great  Sperm-whale,  Pkyseier 
maeroceph'tliiSf  of  the  Southern  Seas,  has  teeth  only  in  the  lower 
jaw  and  feeds  on  cuttle-fish  and  fish,  gripping  the  long  flexible  arms 
of  the  former  by  pressing  them  against  the  upper  jaw.  Spermaceti 
oil  is  the  melted-down  fat  of  this  monster.  The  Ca'ing  or  Pilot 
Whale  {Olobicepkaliis  melas),  which  also  feeds  chiefly  on  cuttle-fish, 
has  teeth  on  both  upper  and  lower  jawa  {Fig-  309).  Pilot-whales  are 
social  in  disposition,  and  the  herds  are  occasionally  driven  into  bays 
or  fiords  in  the  North  Atlantic  and  captured.  Smaller  Toothed 
Whales  are  found  round  the  coast  of  Britain,  which  have  teeth  in 
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both  jaws.  Others  are  known  as  the  Porpoise,  Phocaena,  the 
Dolphin,  Delphinus,  and  the  Grampus,  Oca.  The  eommoa  Po^ 
poise.  Ph.  commvnis,  is  the  most  abundant  and  best  known  of 
British  Cetaceans.     It  is  not  more  than  six  feet  long  and  is  often 


Fio.  309.    A,  lateral  view,  and  B,  longitudinal  section,  of  the  shiill  of  a  joung 

Ca'ing  Wliale,  (llitbici'phalus  melai  x  |. 
1.   Basi-occipital.      2.    Ex-occipital.      3.    Supra-occipital.       4.    Basisptienoid. 

6.   Alisphenoid.  6.  Fari^tal.  7.   liiterparieial  fused  niih  3. 

8.    Freaphenoid.      9.    Orbitosphenoid.       10.    Frontal.      II.    Mesetlicaoid. 

12.    Tympanic.  13.    I'eriotic.  H.    Squamosal.  15.  Jngal. 

10.   Vomer.  17.    Palatine.  18.    Pterygoid.  ID.    Kami. 

20.   Maxilla.  21.   Premaxilla.  22.  Mandible.  2^.  Anterior 


cast  ashore.  In  the  Gulf  of  St.  Lawrence  the  White  Whale,  Delphin- 
apterus  tencas,  is  fairly  common.  It  attains  a  length  of  twelve  feet. 
The  Whalebone  Whales,  Mystacoceti,  have  no  teeth.  The 
orbital  plate  of  the  frontal  is  uncovered  and  there  is  a  small 
ethmo-turbinal  covered  with  olfactory  epithelium.  They  are  all 
large  animals,  although  they  feed  on  the  smallest  prey,  such  as 
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minute  pelagic  moUusca,  jelly-fish,  and  Crustacea.  The  "whale- 
bone "  consists  of  a  large  number  of  horny  plates  hanging  down  like 
curtains  from  the  palate  into  the  cavity  of  the  mouth.  These  ai'e 
placed  in  pairs,  one  on  each  side  of  the  mouth,  one  pair  behind  the 
other,  and  the  fellows  of  a  pair  nearly  meet  in  the  middle.  The 
lower  edges  of  these  plates  are  frayed  out  so  as  to  form  a  fringe 
or  strainer.  After  the  whale  has  taken  water  into  its  mouth  it 
raises  its  tongue  against  the  edges  of  the  plates  and  allows  the 
water  to  trickle  out  through  the  strainer  described  above;  all  the 
small  animals  taken  in  the  water  are  thus  retained  and  then 
swallowed.  The  best  quality  of  whalebone  ia  obtained  from  the 
Right  Whale,  Balaena  myslkeliis,  an  animal  about  fifty  feet  long, 
found  only  in  the  Arctic  regions.  The  great  Rorqual  Whale, 
Bolae.noptera  sibbaldi,  has  a  fin  in  the  middle  of  its  back,  and 
attains  a  length  of  from  60-80  feet ;  it  is  the  largest  animal  nov 
found  ou  the  globe  and  is  very  abundant 


Order  III.     Sirenia 

Sea-cows  differ  from  whales  in  so  many  respects  that  they  cannot 
have  any  close  relation  to  them.     They  are  vegetable-feeders,  and 


Fio.  310.    Skull  oC  African  Manatee,  Manatus  seMgalensii  x  J. 

browse  on  sea-weed  and  other  water-plants.  As  these  habits  ne- 
cessitate their  staying  under  the  water  for  some  considerable  time, 
the  bones  are  heavy  and  solid,  quite  different  in  structure  from  th« 
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bones  of  whales,  which  are  much  more  spongy  in  texture.  Th« 
skull  is  long,  not  rounded,  and  the  face  bones  are  only  moderately 
developed.  The  parietals  are  not  pushed  aside  by  the  developement 
of  the  supra-occipital ;  the  supra-orbital  plate  of  the  frontal  is  small, 
while  the  orbit  ia  large  and  bounded  below  by  a  very  powerful  jugal. 
The  teeth  are  broad  and  crushing,  and  front  teeth  sometimes  are 
found  developed  as  tusks.  There  is  no  such  snout  as  is  found  in 
Whales,  but  there  are  large  moveable  lips  by  means  of  which  food 
is  seized  (Fig.  311).  The  teats  are  placed  on  the  breast  as  in  a 
woman,  and  the  mother  holds  the  young  under  the  arm,  which  is 
quite  flexible,  and  not  a  mere  hn  as  in  whales.  It  is  supposed  that 
the  legends  of  mermaids  have  been  suggested  to  sailors  by  the  sight 
of  these  strange  parents  holding  their  young  above  water.     There 


Fio.  311.    Front  view  of  head  of  American  Muifii«e,  MaiuUug  amertcanui. 

showing  the  eyes,  nostrils,  and  mouth.     A,  with  the  lobes  of  the  upper  lip 
divaricated.    B,  with  the  lip  contracted.    From  Murie. 

are  two  genera,  each  represented  by  a  single  species :  the  Manatee, 
Manaius,  found  on  the  warmer  parts  of  the  coasts  of  the  Atlantic 
and  in  the  estuaries  of  rivers,  both  in  America  and  Africa,  and  the 
Dugong,  Halicore,  found  all  around  the  coasts  of  the  Indian  Ocean 
and  around  Australia,  where  it  is  fished  for  and  eaten.  Until  1768 
a  third  species,  Rhytina  steUeri,  of  great  size  —  20  to  25  feet  long 
—  inhabited  some  islands  in  the  Behring  Sea.  It  had  no  teeth, 
horny  plates  on  the  gum  supplying  their  place.  This  species  was 
exterminated  by  Russian  seal -hunters. 

Leaving  aside  these  curious  groups  of  animals,  we  find  that 
the  relations  to  one  another  of  the  remaining  Mammals  are 
more  easily  understood.  We  have  first  of  all  to  deal  with  the 
Insectivora. 
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Order  IV.     Ineectivora 

This  is  a  group  of  small  animals,  which  Bs  the  name  implies 
feed  chiefly  on  insects.  They  have  three  or  four  sharp  pointed 
cusps  on  each  of  their  back  teeth,  adapted  for  piercing  the  shells  of 
insects,  while  their  front  teeth  in  both  jaws  are  directed  outwards 
80  that  they  act  like  a  pair  of  pincers  in  seizing,  the  pi-ey.  The 
Insectivora  are  plantigrade,  that  is,  they  place  the  whole  palm  and 
the  whole  sole  on  the  ground  when  they  walk  (B'igs.  312,  313) ;  in 


Fto.  312.     African  Jumping-ahrew,  MacroKelides  Ulrndaflyhn  x  j.     From 

nearly  every  case  they  have  the  full  number  (five)  of  fingers  and  toes ; 
tbey  have  long  flexible  snouts  projecting  beyond  the  mouth,  and 
their  brains  are  of  a  low  and  simple  structure.  In  Great  Britain 
this  group  is  represented  by  three  well-marked  types,  viz.  the 
shrews,  the  hedgehogs,  and  the  moles.  The  Shrews,  Sobicidae,  are 
mouse-like  animals  clothed  with  soft  fur.  There  are  three  British 
species,  the  Common  Shrew,  Sorpx  vulgaris,  about  the  size  of  an 
ordinary  mouse,  and  the  Lesser  Shrew,  S.  jiygmaeiis  or  minyiua. 
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very  much  smaller,  the  latter  being  one  of  the  smallest  mammals 
known.  The  \\'ater  Shrew,  Crosartjms  f'Kiiens,  is  aquatic  in  its 
habits.  The  Erinackidar  are  animals  of  larger  size  covered  with 
spiny  hairs.  The  single  British  species,  the  common  Hedgehog, 
Erinaceua  enrojioeuti,  is  about  the  size  of  a  rat;  as  is  well  known  it 
rolls  itself  up  into  a  ball  when  it  is  alarmed,  drawing  its  fore-  and 
hind-feet  together  and  tucking  its  head  between  the  former,  and 
in  this  condition  it  bids  defiance  to  its  enemies.     The  Talpidae  or 


Fio.  31^.    Russian  Desman,  Myogalt  motchaia. 

Moles  are  burrowing  animals  with  greatly  enlarged  hands  and  very 
small  eyes;  they  are  represented  in  Britain  by  the  Mole,  Talpa 
europaea.  The  genus  Talpa  is  confined  to  the  Old  World,  The 
Mole  lives  on  worms  and  insect  larvae  and  remains  almost  always 
underground;  hence  its  eyes  are  vestigial  and  very  small.  Its 
hands  are  very  large  and  broad  and  suited  for  digging,  whilst  its 
chest  is  exceedingly  narrow  in  front  so  as  to  give  room  for  the  arms 
to  work  in  a  burrow.  The  African  Juraping-shrews  include  fourteen 
species,  most  of  which  are  contained  in  the  genus  Macroacelidea 
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(Fig.  312),  These  aDiinaU  have  a  greatly  elongated  tarsus,  by 
means  of  which  they  execute  leaps  of  considerable  length. 

The  Russian  Desman,  Mt/ogaJe  moschata,  once  extended  as  far 
west  as  Britain.  It  lives  in  burrows  by  the  water-side  and  feeds 
chiefly  on  fresh-water  insects  and  their  larvae.  In  correspondence 
with  its  mode  of  life  the  hind-feet  are  webbed  and  the  tail  large  and 
compressed,  forming  an  efficient  swimming  organ,  it  is  hunted  for 
its  fur.  In  North  America  numerous  representatives  of  the  Soricidae 
and  Talpidae  occur,  but  the  Erinaceidae  are  absent.  Amongst  the 
most  peculiar  Soricidae  is  Blarina,  the  Mole-shrew,  which  has  very 
small  eyes,  rudimentary  outM  ears,  and  the  general  aapect  of  a  Mole, 
but  which  is  at  once  distinguished  from  the  Talpidae  by  its  normal 
fore-limb.  A  peculiar  member  of  the  Talpidae  is  CondyluTa,  the 
Star-noaed  Mole,  which  has  a  circle  of  fleshy  prominences  round  the 
tip  of  its  snout. 

The  most  Interesting  circumstance  about  the  Insectivora  is  the 
fact  that  when  by  means  of  fossils  we  trace  back  the  higher  groups 
of  mammals,  they  seem  all  to  merge  imperceptibly  into  Insectivora. 
There  is  therefore  really  good  ground  for  supposing  that  the  living 
Insectivora,  though  modified  in  special  details,  nevertheless  repre- 
sent, so  far  as  their  general  organisation  is  concerned,  the  earliest 
type  of  Eutheria  which  appeared  on  the  globe.  From  these  origi- 
.nal  Insectivores  advance  seems  to  have  taken  place  along  five 
lines:  —  I.  some  Insectivora  took  to  attacking  larger  prey,  includ- 
ing their  own  less  fortunate  relatives,  and  gradually  developed  into 
the  Carnivora  or  flesh-eating  mammals :  II.  some  became  vegetable 
feeders  and  gave  rise  to  the  great  group  of  hoofed  animals,  relying 
either  on  their  swiftness,  or  size,  or  strength  for  defence:  III.  some 
took  to  burrowing  and  developed  into  gnawers  or  Rodents,  relying 
chiefly  on  their  holes  for  safety :  IV.  some  took  to  the  air,  the  fore- 
limb  becoming  changed  into  a  wing;  these  are  the  Bats:  V.  the 
remainder  took  to  escaping  into  trees  when  hard  pressed,  and 
eventually  gave  rise  to  the  great  group  of  the  Primates  which 
includes  Monkey  and  Man. 


Order  V.    Carnivora 

The  Carnivora  are  distinguished  above  all  by  their  teeth  (Fig. 
292).  They  have  small  insignificant  front  teeth  or  incisors,  but 
the  eye-teeth  or  canines,  situated  in  the  maxilla  just  where  it  meets 
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the  premaxilla,  are  large  and  pointed.  With  these  the  animal 
seizes  and  kills  its  prey.  The  premolars  have  cutting  edges  con- 
sisting typically  of  a  large  central  cusp  and  two  smaller  ones,  one 
in  front  and  one  behind.  The  molars  with  the  exception  noted  below 
are  bi'oad  and  crushing  (Figs.  292  and  314).  The  last  premolar  in 
the  upper  jaw  and  the  first  molar  in  the  lower  jaw  constitute  what 


Fio.  314,  Vertical  longitudinal  section  taken  a  little  to  tbe  left  of  the  middle 
line  through  the  slcull  of  a  Dog,  CanUfamtltarli  x  f. 

1.  Supra-occipital.  2.  Interparietal.  3.  Parieial,  4.  Frontal.  5.  Cribri- 
form plate.  6.  Nasal.  T.  Mesethnioid.  8.  Maxilla.  9.  Vomer. 
10.  Eihmo-mrbinal.  11.  Maxillo-turbiiiai.  12.  Preiuaiilla.  13.  Occi- 
pital condyle.  14.  Basi'occipital,  16.  Tympanic  bulla.  10.  Basi -sphenoid. 
IT.  Pterygoid.  IS.  Palatine,  19.  Ali-splieooid.  20.  Internal  auditory 
meatus,  the  passage  for  tiie  eighth  uerve  to  tbe  iDt«rnal  ear.  21.  Tentorium, 
a  fold  of  calcified  connective-tissue  projecting  into  the  cranial  cavity  and 
separating  ttie  cerebrum  from  the  cerebellum.  22.  Foramen  lacerum 
poster! ua,  the  passage  for  the  tenth  nerve.  23.  Kloccular  fossa, 
the  cavity  in  which  the  (loccular  lobe  of  the  cerebellum  is  lodged. 
24.  Coronoid  process.  2!>.  Condyle.  26.  Angle.  27.  Mandibula 
symphysis.         28.    Inferior  dental  foramen.  211-31.    Segments  of  the 

second  visceral  arch.  29.  Styio-hyal.  30.  Epi-hyal.  31.  Cerato- 
hyal.  32.   Basi-hyal,  3.^.   Thyro-hyal,  the  third  visceral  arch. 

Xll.  Condylar  foramen,  the  aperture  through  which  the  twelfth  cranial 
nerve  leaves  the  skull. 

are  called  the  carnassial  teeth.  These  are  very  large  blade-like 
teeth  which  bite  on  one  another  .like  a  pair  of  scissors.  The  upper 
one  has  enlarged  central  and  posterior  cusps,  the  anterior  cusp 
being  small  or  wanting;  the  lower  carnassial  has  an  anterior  blade- 
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like  portion  coDsisting  of  two  cusps  and  a  posterior  flattened  portion 
or  heel.     The  nails  are  sharp,  curved  claws. 

The  most  familiar  examples  of  this  class  of  animals  are  our  Dogs 
and  Cats,  The  wild  ancestors  of  the  domesticated  pets  are  unknown, 
though  the  dog's  ancestors  were  no  doubt  allied  to  the  wolf,  whereas 
the  cat  is  probably  descended  ftom  some  species  belonging  to  the 
East,  allied  to  but  distinct  from  the  Wild  Oat,  Felis  calvs,  still 
found  in  remote  parts  of  Scotland  and  possibly  in  the  mountains  of 
North  Wales.  Possibly  the  domestic  cat  has  originated  from  the 
Caffre  Cat,  F.  caffra,  which  extends  throughout  Africa  and  was 
considered  sacred  by  the  ancient  Egyptians,  who  embalmed  their 
bodies  in  such  amazing  numbers  that  their  mummies  have  been 
exported  from  Egypt  and  used  as  manure. 

In  the  Dog,  Cania  /amiliaris,  and  the  other  members  of  the 
family  Canidae,  the  muzzle  is  long  and  the  teeth  numerous. 
Their  arrangement  can   be  expressed  by  the  dental   formula 

'■  Si  ".  7,  pm.  -  m.  -  =  42,  where  the  upper  line  shows  the  teeth  in 

3       1  4      3 

the  upper  jaw,  the  under  line  those  in  the  lower.  The  first 
figure  denotes  incisors,  the  second  canines,  the  third  premolars, 
and  the  last  molars.  The  hindermost  back  teeth  or  molars,  are 
still  broad.  The  fore-legs  cannot  t*  "sed  for  grasping.  The  claws 
are  comparatively  blunt  and  cannot  be  retracted. 

In  the  domesticated  Cat  on  the  other  baud  the  muzzle  is  short, 

•  :  3  ",.  I, 

pm. '-,  m.  -  =  30,  whilst  the  fore-limbs  can  be  used  for  seizing.   The 

claws  are  very  sharp  and  can,  when  not  in  use,  be  completely 
retracted,  or  rather  raised,  so  as  not  to  wear  the  points.  In  all  these 
respects  Cats  are  more  perfectly  adapted  for  a  carnivorous  life  than 
Dogs,  these  latter  still  retaining  traces  of  their  descent  from  a 
different  kind  of  mammal.  Just  as  the  Wolf,  C.  lupus,  the  Jackal, 
C.  aureus,  and  the  Fox,  C.  vutpes  —  the  last  named  the  only  wild 
species  of  Canig  found  in  Britain  —  are  species  of  dogs  distinguished 
from  each  other  by  size  and  slight  peculiarities  of  hair,  etc.,  so  the 
Lion,  F.  leo,  the  Tiger,  F.  tigris,  the  Leopard  or  Panther,  F.  pardus, 
the  Lynx,  F.  lynx,  and  the  Puma,  F.  concolor  (frequently  called  a 
"Panther"in  America,  where  it  is  found  from  Canada  to  Patagonia), 
are  all  Cats.  The  differences  in  the  colour  of  the  skin  which  help 
to  distinguish  them  are  in  all  probability  due  to  the  fact  that  the 


and   the   teeth   reduced  in  number,  the  formula  being  i 


^aovGoOt^lc 


536  MAMMALIA  [CHAP. 

colors  are  protective,  eoabliDg  the  animals  when  in  their  natural 
surroundings  to  escape  the  notice  of  their  prey.  Thus  Lions,  which 
as  a  rule  live  in  dry  and  rather  open  places,  are  of  dun  colour ;  the 
stripes  of  the  tiger's  skin  deceptively  resemble  the  alternating 
shadows  and  sunlit  strips  of  ground  found  amongst  the  reeds  in 
which  they  live ;  the  spots  of  the  leopard  are  undiscoverable  amidst 
the  alternating  patches  of  light  and  shade  caused  by  the  sunlight 
struggling  through  the  interstices  of  the  foliage  of  a  forest. 

The  Bears,  Ubsidab,  represent  a  third  type  of  Camivora.  They 
are  plantigrade,  placing  the  whole  sole  of  the  foot  on  the  ground; 
the  molars  are  blunter  than  those  of  the  Cats  and  Dogs  and  very 
broad,  the  carnassials  are  broad  and  the  premolars  very  small;  the 
upper  carnassial  is  a  comparatively  small  tooth  and  the  heel  of  the 
lower  caraassial  is  larger  than  the  blade;  these  peculiarities  are 
connected  with  the  fact  that  the  Bears  are  not  merely  flesh  feeders 
but  can  live  partly  on  a  vegetable  diet.  The  Brown  Bear  of  Europe, 
Ursua  arctoa,  which  used  to  be  abundant  in  Britain,  is  so  nearly 
allied  to  the  Grizzly  Bear,  If.  horribilis,  of  the  Rocky  Mountains, 
that  the  latter  is  by  some  authorities  placed  in  the  same  species. 
In  Eastern  Canada,  especially  in  the  Province  of  Quebec,  the  Black 
Bear,  Ursus  amerlcanus,  is  very  abundant,  and  is  trapped  for  its  fur. 
It  is  usually  an  inoffensive  animal  feeding  on  berries  and  bark  but 
occasionally,  especially  when  it  has  cubs,  it  will  attack  man. 

The  Stoats,  Weasels,  Martens,  Minks,  Polecats,  Otters,  Badgers 
and  Skunks,  forming  the  family  Mustklid  ae,  are  sometimes  supposed 
to  be  allied  to  the  Bears,  but  are  really  very  distinct.  They  have 
very  long  necks,  longflexiblebodiesandshort  limbs,  and  their  habits 
are  exceedingly  bloodthirsty  and  ferocious.  The  chief  resemblances 
to  Bears  are  found  in  the  skull  and  teeth,  but  the  contrast  in  genei'al 
build  and  in  gait  —  the  Mustelidae  are  digitigrade  —  is  very  striking. 
Six  species  of  Mustelidae  are  found  in  Great  Britain :  (I)  The  Otter, 
JjtUra  V'dgaris,  an  animal  which  has  webbed  toes  and  a  long,  some- 
what flattened  tail.  It  lives  on  fish,  passing  much  of  its  time  in  the 
water.  (2)  The  Badger,  Metea  (axita,  a  heavy,  somewhat  clumsy 
animal  with  blunt  claws  and  short  limbs,  leading  a  nocturnal, 
burrowing  life,  and  feeding  on  mice,  reptiles,  insects,  fruit,  acorns, 
and  roots,  (3)  The  Pine  Marten,  Miialeta  martea.  (4)  The  Polecat, 
Miistela  ptdoriaa,  which  feeds  on  small  mammals,  birds,  reptiles,  and 
eggs,  and  has  a  disagreeable  odour.  The  Ferret  is  a  domesticated 
variety  of  the  Polecat  (5)  The  Weasel,  Mu^ela  vulgaria.  In  cold 
regions  the  Weasel  turns  white  in  winter.     (6)  The  Stoat,  Mualda 
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ermiuea,  vhich  also  turns  white  in  cold  climates  except  the  tip  of 
its  tail,  which  remains  black.  Its  fur  is  much  prized.  These  last 
four  are  closely  related  species  with  long  slender  bodies,  sharp 
curved  claws  and  ferocious  habits. 

In  North  America  there  is  an  interesting  family,  the  pRocr- 
ONiDAE,  intermediate  between  the  Ursidae  and  Mustelidae.  The 
members  of  this  family  have  sharp  muzzles  but  clumsy  bodies  and 
short  necks;  the  Raccoon,  Procyon  lotor,  is  the  most  familiar.  It 
is  omnivorous.     The  Mustelidae  are  represented  by  otters,  mai-tens, 


Fig.  315.     The  Comnitm  Skunk,  Miphitis  mfphltka. 

and  a  remarkable  foim,  the  Skunk,  Mephitis  mepkilica  {Fig.  315), 
which  produces  a  secretion  of  such  repulsive  odour  as  to  make  it 
avoided  by  other  animals  and  a  t«rror  to  man.  It  is  strikingly 
marked  and  affords  a  much-quoted  example  of  warning  coloration  ; 
its  conspicuous  colour  enabling  would-be  enemies  to  distinguish  its 
possessor  from  less  offensive  prey. 

The  Carnivora  mentioned  hitherto  are  often  grouped  together  as 
the  Carnivora  vera  or  Fissipeoia.  The  second  group  of  recent 
Carnivora  is  represented  by  the  Seals  aud  is  termed  the  Pia'XIPedia. 
The  Dame  is  derived  from  the  fact  that  fingers  and  toes  are  united 
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by  webs  of  skin.  The  Seals  are  almost  as  purely  marine  animals 
as  the  Whales  and  Sea^ows,  but  they  have  become  adapted  to 
their  surroundings  in  quite  a  different  v&y.  Thus  their  fur  is 
close  and  think,  and  they  are  protected  against  the  cold  of  the 
wat€r  by  it,  instead  of  being  covered  all  over  by  a  thick  layer  of 
fat  as  are  the  Whales.  The  tail  is  short  and  insignificant,  but 
they  make  a  powerful  stern  oar  by  directing  the  feet  backwards 
parallel  to  the  body  so  that  the  soles  are  turned  up.  Thus  the  feet 
act  just  in  the  same  way  as  the  tail  does  in  a  whale,  making  up  and 
down  strokes  and  driving  the  animal  forward.    The  whole  upper 


Fio.  318.    The  Fatagonian  Sea-Lion,  Olaria  jabata.    From  SclaMr. 

part  of  the  limb  is  buried  in  the  body.  In  one  group,  the  true  Eared 
or  Seal-skin  Seals,  Otabiidae  (the  fur  of  some  species  of  which  is 
used  for  making  jackets),  the  feet  can  be  turned  forward  when  the 
animal  comes  on  land.  There  are  also  some  traces  of  an  external 
ear,  whence  comes  the  name  Otariidae  or  Eared  Seals  which  is 
given  to  them  (Fig.  316).  They  are  confined  to  the  Pacific  coast  of 
America.  The  Walrus,  Trfckeckus  rosmarus,  of  the  Arctic  seas,  is 
the  representative  of  a  second  family,  the  Tkichechidae.  No 
external  ear  is  present  but  here  also  the  feet  can  be  turned  forward. 
The  canine  teeth  of  the  upper  jaw  are  very  long  and  give  the  animal 
a  fierce  appearance.     They  are,  however,  chiefly  used  for  digging  up 
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bivalves  from  the  mud  and  for  climbing  on  the  blocks  of  ice  iu  the 
Arctic  regions  where  the  animal  is  found.  The  name  "  Old  Man  " 
sometimes  given  to  it  by  whalers  is  suggested  by  tlie  tufts  of  grey 
hair  ou  the  sides  of  the  face.  The  common  Greenland  Seal,  Piioca 
vilulhia,  and  the  Gray  Seal,  Halichoerus  gryptis,  are  the  two  species 
of  PiiociDAE,  the  third  and  last  family  of  the  Pinnipedia,  regularly 
found  round  about  the  Uritish  coast  in  out-of-the-way  places. 
The  members  of  this  family  have  harsh  fur  and  no  trace  of  an 
ear-flap,  and  are  unable  to  turn  their  feet  forward,  so  that  when 
they  come  on  land  they  shuffle  along  entirely  by  the  aid  of  their 
fore-limbs.  They  are  in  fact  the  most  thoroughly  adapted  for 
aquatic  existence  of  all  the  Pinnipeds.  Phoca  vituUua  is  common 
on  the  eastern  shores  of  Canada  and  New  England. 

Order  VI.  Unirulata 
The  great  group  of  the  Ungulata  or  hoofed  animals  represents 
the  second  line  of  evolution  from  the  primitive  Insectivores.  Here 
we  tind  that  all  power  of  grasping  with  the  limbs  is  absent  and  the 
feet  are  purely  adapted  for  nuining,  the  toes  being  encased  in  hard 
blunt  nails  which  are  called  hoofs.  At  the  present  time  the 
Ungulata  include  a  number  of  very  diverse  forms.  But  it  must 
be  remembered  that  a  large  proportion  of  the  group  is  extinct, 
and  that  to  some  extent  the  fossil  forms  serve  to  connect  the  very 
heterogeneous  members  of  the  group  that  still  exist. 

Sub-Order  I.  Bub-uDgulata 
In  former  times  there  existed  a  great  assemblage  of  big  and 
often  clumsy  animals  belonging  to  the  Ungulata  in  which  the  toes 
were  all  nearly  equal  in  length  and  the  bones  of  the  wrist  arranged 
in  parallel  longitudinal  series.  Only  two  families  of  the  Sub- 
vtigulata,  as  these  animals  are  called,  survive  till  the  present  day. 
These  are  the  Elephant  family,  Pkoboscideae,  and  the  family  of 
the  Hyrax,  Hyracidae, 

Htbacidae 

The  Hyrax  (Procavia)  is  the  coney  mentioned  in  Scripture, 

The  Hyracidae  are  small,  not  unlike  rabbits  in  ap- 

H*»ddu.        pearance,  but  their  hind-feet  closely  resemble  those 

of  the  Khinoceros.     Their  front  teeth  are,  it  is  true, 

somewhat  chisel-shaped,  as  in  the  Kodentia,  but  there  are  four  of 
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these  below  and  two  above,  which  is  quite  unlike  the  arrangement 
in  the  rabbit  It  is  possible,  however,  that  the  two  teeth  reckoned 
as  lower  posterior  incisors  may  really  be  canines,  since  they  do  not, 
like  the  others  and  like  the  incisors  of  the  Kabbits,  grow  throughout 
life  (Fig.  317).  These  animals  are  found  throughout  Africa  except 
in  the  north,  Arabia,  and  Syria.     Only  one  genus  is  now  recognised, 


Fio.  317.     Skull  of  Hyrax  {Procania')  ilormUia  x  |. 
1.    Nasal.         2.   Parieial.         3.    Meatus  audiutriuui  exUnius.         4.   Process 
of  tbe  ei-occipiul.         6.   Jugal.         6.   Lachrymal  foramen.         1 1.   First 
iDCiaor. 

Hyrax  (Procavia),  with  several  species.  Most  of  these  live  amougst 
rocks,  in  mountains  and  in  stony  places,  but  some  frequent  the 
trunks  and  large  branches  of  trees  and  sleep  in  holes. 

Proboscideae 

The  Elephant  is  too  well  known  to  need  description,  but  it  may 

be  pointed  out  that  the  trunk  is  reaiiy  a  long  flexible 

^o^ilddMB.     8°out,  an  excessive  exaggeration  of  what  is  found  in 

Insectivores,  and  that  the  tusks  are  front  teeth,  only 

those  in  the  upper  jaw  being  developed  (though  iu  some  extinct 

elepliants,  as  for  instance  Dinotherium,  those  of  the  lower  jaw  aloue 

were  developed),  and  finally  that  the  upper  parts  of  the  arms  and 

legs  are  quite  free  from  the  body,  instead  of  being,  as  is  usually  the 

case  with  mammals,  buried  inside  the  general  contour  of  the  body. 

There  are  only  two  living  species,  the  African  Elephant,  ElepluM 

afncanus,  inhabiting  the  forest  region  of  tropical  Africa  and  hunted 

for  its  tusks,  and  the  Indian  Elephant,  Elepkas  indunis,  inhabiting 

the  jungles  of  India,  Further  India,  Ceylon,  and  Sumatra,  which 
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is  frequently  domesticated.  The  canines  are  lost  and  have  left 
no  traces.  The  molars  succeed  one  another  in  a  horizontal  row, 
never  more  t&an  two  being  at  any  one  time  functional  (Fig.  318). 


18.     Skull  of  a  young  Indian  Elephant,  Elephnt  ittdieut,  seen  from  the 

right  side  X  J ;  the  roois  of  tbe  teeth  huve  been  exposed. 

•occipital.        2.    Farielal.        3,   Frontal.        4.  Squamosal.        6.  Jugat. 

Premaxilla.      '.   Maxilla.      1).  Supra-occipital.       13.   Baei-occipital. 

14.    Poetorbital  process  of  tlie  frontal,      15.    Lachrymal.       10.    Pterygoid 

.  ....  .,:  _L_....j  ...     .__,___  nmS,  mm*.   Third  and 


The  ridges  on  these  teeth  when  worn  present  the  appearance 
of  parallel  bauds  in  the  Indian  Elephant,  but  in  the  African  they 
form  diamond-shaped  lozenges.  The  ears  of  the  latter  ai-e  very 
large  and  the  trunk  ends  in  two  nearly  equal  prehensile  "lips" 
attached  to  its  lower  margin.  In  the  Indian  Elephant  the  eara 
are  smaller;  there  is  but  one  finger-Hke  "lip"  at  the  end  of  the 
trunk  and  this  is  attached  to  the  upper  edge  of  the  end  of  the 
trunk.  The  skull  is  very  massive,  but  the  exterior  gives  an 
erroneous  impression  of  the  size  of  the  brain-case,  because  the  bones 
are  enormously  thickened  and  contain  large  air-spaces,  especially  in 
the  older  specimens,  where  the  frontals  may  attain  a  thickness  of 
one  foot.  Till  recent  times  (geologically  speaking),  a  large  elephant, 
Mctntodon,  inhabited  North  America,  Europe,  and  parts  of  Asia.  Its 
remains  are  being  constantly  dug  up  from  the  bottom  of  gravel-pits 
and  marshes.     Some  species  of  Mastodon  had  tusks  in  both  jaws ; 
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in  all  the  molar  teeth  were  covered  with  tubercles  like  those  of  the 
pig,  insteRd  of  ridges  of  enamel.  Another  fossil  species  allied  to 
the  Indian  Elephant  but  covered  with  thick  fur,  the  lltlamnioth, 
Elepkas  primfgeiiius,  had  formerly  an  extensive  taoge  around  the 
North  Pole,  and  at  one  time  was  common  ia  Britain. 


Sub-Order  II.    Ungulata  vera 

AH  the  rest  of  the  Ungulata  have  the  thigh  and  the  upper  arm 
more  or  less  buried  in  the  body,  whilst  the  heel  and  the  wrist  are 
raised  ici  walking  so  that  the  creatui'e  goes  along  on  the  tips  of  its 
toes.  The  bones  of  the  wrist  are  arranged  in  transverse  rows,  the 
members  of  two  adjacent  rows  alternating  with  one  another.  The 
first  digit  in  both  fore-  and  hind-limb  is  entirely  absent.  These 
true  Ungulates,  IJyQVLAT.i  VERA,  as  they  are  called, are  divided 
into  two  great  groups:  (I)  the  PeRISSODACTYI.a,  in  which  there 
are  an  odd  number  of  toes,  and  in  which  the  true  .central  axis  of 
both  arm  and  leg  runs  down  through  the  centre  of  the  third  finger 
or  toe  (Fig.  319),  and  (2)  the  Artiodactyla,  in  which  there  is  an 
even  number  of  toes,  and  in  which  the  axis  of  the  limb  passeis 
down  between  the  third  and  fourth  toes  (Fig.  322). 


IHvision  I.     PERISSODACTYLA 

The  Perissodaetyla  were  formerly  a  numerous  class  of  animals, 
but  now  three  families  alone  survive,  the  tapirs,  Tapiuidae;  the 
various  species  of  rhinoceros,  Khinocerotidae;  and  the  horse  and 
numerous  species  of  ass,  Eqitidae. 

Of  these  the  oldest  and  most  primitive  are  the  Tapiridag.  They 
still  have  four  toes  on  the  fore-feet,  which  is  an  even 
number ;  but  as  they  have  only  three  on  the  hind-feet, 
and  in  both  fore-  and  hind-feet  the  axis  of  the  limb  runs  through  the 
third  toe,  there  is  no  doubt  that  tliey  are  to  be  classed  with  the  Peris- 
sodaetyla (Fig.  319).  The  snout  is  long  and  flexible,  longer  than 
the  snout  of  the  Insectivores  but  not  so  long  as  the  snout  of  the 
Elephant.  A  most  interesting  feature  in  the  natural  history  of  the 
Tapirs  is  that  they  are  now  found  only  in  two  widely  separated  parts 
of  the  world,  viz.  the  north  of  South  America,  and  in  the  Malay 
Peninsula  with  the  neighbouring  islands  of  Borneo  and  Sumatra. 
We  need  not,  however,  suppose  that  there  was  at  one  time  a  land 
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bridge  across  the  Pacific,  forio  recent  roeks  we  find  remains  of  Tapirs 
all  over  Europe,  Asia,  and  America,  so  that  the  present  species  are 
to  be  regarded  as  two  separated  remnants  of  a  great  race  of  animals 
which  once  had  a  very  wide  distribution.  Their  present  range 
affords  an  often-quoted  example  of  what  is  known  as  "  discontinuous 
distribution." 


Fio.  310.    Bones  of  right  tore-toot  ol  exteting  Perissodactfleg.        A,  Tapir, 

Tapirli  indlnia  x  J.  B,  Rhinoceros,  Jiltlnoceroi  tumatremit  x  j. 
C,  Horse,  Equua  eaballu*  x  \. 
e.  Cuneifonn  (ulnare).  i.  Lunar  (inter- medium),  m.  Magnum  (third 
distal  carpal).  p.  pisiform.  R.  Radius.  i.  Scaphoid  (radiale). 
td.  Trapezoid  (second  distal  carpal),  tm.  Trapezium  (firstdistal  carpal). 
U.   Ulua.  T(.  L'nciForm   (conjoined   4th  and    6ib    distal   carpals). 

Il-V,  second  to  flUh  digit.     From  ITloner. 

The  Khinocekotidae  are  represented  at  the  present  day  by  the 

genus  Rhinoceros.    The  Rhinoceros  is  a  heavier  and 

yji"^'""     clumsier  animal  than  the  Tapir :  it  has  three  toes  on 

both  fore-  and  hind-feet  and  no  projecting  snout.     Its 

chief  peculiarity,  however,  is  the  horn  which  it  carries  so  to  speak 

on  the  bridge  of  its  nose.     The  horn  has  no  bony  core,  and  aa  it  is 

entirely  composed  of  horny  matter  may  be  said  to  be  a  mass  of  hairs 

stuck  together.     There  are  several  species  found  in  Asia  and  in 
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Africa ;  the  best  known  is  perhaps  the  Indian,  Bh.  unicornis  (Fig. 
320);  the  Javan,  Rh.  sonduicus,  is  smaller.  Both  these  species 
have  but  one  horn.  Two-horned  rhinoceroses  (the  two  horns  stand- 
ing one  behind  the  other,  are  now  found  in  the  Malay  Peninsula, 


Fio.  320.     Indian  Rhinoceros,  Rhinoterog  wnkomls.     Prom  Wolf. 

Borneo,  and  in  Sumatra  (Rh.  sumatreitsis),  and  in  Africa  there  are 
several  species;  the  commonest,  Rk.  bicomis,  is  frequently  met 
with  in  menageries.  It  is  supposed  that  the  idea  of  the  unicorn 
was  derived  from  the  one-horned  rhinoceros,  but  if  this  be  so  the 
imagination  must  have  played  a  powerful  part  in  evolving  the 
graceful  animal  which  figures  in  the  royal  arms  out  of  the  clumsy 
rhinoceros. 

The    general    appearance    of    the    horse,   Equwt    cabaSvs,    is 

sufficiently  well  known,  but  the  structure  of  its  feet, 

which,  next  to  the  wings  of  a  bird,  are  the  most  highly 

finished  oi^ans   of  locomotion  in   the  animal  kingdom,  demand 

special  attention. 

The  apparent  "  knees  "  of  the  horse  correspond  to  the  joints  of 
the  wrist  and  the  ankle,  the  true  elbow  and  knees  are  concealed  in 
the  body  of  the  animal,  although  the  motion  of  these  joints  can  be 
clearly  seen  if  a  running  horse  be  watched.  A  horse  walks  on  the 
very  points  of  its  finger  and  toe  nails,  and  it  possesses  only  one 
finger  on  each  hand  and  one  toe  on  each  foot  (Fig.  319),  the  fingers 
and  toes  corresponding  to  the  outer  fingers  and  toes  of  the  Rhinoceros 
being  represented  merely  by  bones  entirely  concealed  beneath  the  skin 
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and  applied  like  splints  to  the  great  middle  finger  and  toe  respec- 
tively. Thus  the  whole  limb  instead  of  being  a  loosely  jointed 
flexible  organ  for  grasping,  becomes  a  firmly  jointed  lever  bending 
only  in  one  plane  and  suitable  for  quick  locomotion. 

The  Horse,  as  we  know  it,  has  been  domesticated  and  bred  by 
juan  for  thousands  of  years,  and  is  doubtless  very  unlike  its  wild 
ancestor.  The  wild  animals  at  present  existing  which  are  called 
Wild  Horses  ai'e  all  more  like  donkeys,  with  longer  ears  and  with- 
out the  peculiar  wisp-like  tail  of  the  Horse ;  they  are  also  all  more 
or  less  striped.  The  Zebras  and  Wild  Donkeys  are  found  in  Africa, 
on  the  great  plains  in  the  south,  in  the  deserts  of  Syria  and  Persia, 
and  in  the  central  plains  of  India.  Another  African  form,  the 
Quagga,  has  become  extinct  in  recent  times.  In  America  when 
discovered  there  were  no  horses,  although  the  horse  has  since  run 
wild  there ;  but  in  the  most  recent  geological  period  the  horse 
abounded  in  America,  and  why  it  should  have  died  out  in  a  country 
which  afterwards  proved  to  be  well  suited  for  it  is  a  mystery. 

Division  II.     ARTIODACTYLA 

Unlike  the  Perissodactyla,  the  Artiodaetyla  or  even-toed  Ungu- 
lates constitute  an  immense  assemblage  of  animals,  and  until  the 
invention  of  the  modern  fire-arms  were  the  dominant  animals  on 
the  great  plains  of  Africa  and  we  may  add  of  North  America.  The 
Artiodaetyla  may  be  divided  into  a  higher  and  a  lower  section. 

The  lowest  section  may  broadly  be  called  the  Pigs,  Suinae. 
They  retain  four  toes  on  fore-  and  hind-feet,  have  a 

"  """  snout  ending  in  a  round  flat  surface,  and  are  all  gross 
feeders,  eating  not  only  roots  of  various  kinds  but  also  small  animals 
if  they  come  in  their  way.  Their  teeth  are  covered  with  tubei-cles 
a  good  deal  blunter  than  the  cusps  on  the  teeth  of  an  Insectivore 
but  still  of  the  same  essential  nature.  Such  teeth  are  termed 
bu  nodont,  whence  the  name  BUNOVONTIA  (Gr.  fiowoi,  a  hill  or 
mound)  has  sometimes  been  applied  to  this  division.  The  Hippo- 
potamus, the  sole  representative  of  the  family  Hippopotamidae,  is 
nothing  but  an  enormous  Pig ;  it  differs  from  the  ordinary  Pig  in 
having  all  its  toes  of  equal  length,  whereas  in  the  true  Pig  the 
outer  (second  and  fifth)  toes  are  small  and  do  not  reach  the  ground. 
The  Hippopotamus  spends  roost  of  its  time  in  rivers  and  swamps 
feeding  on  the  reedy  vegetation  of  such  places.  It  has  exceedingly 
powerful  jaws  and  when  wounded  has  been  known  to  crush  a  canoe 
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between  them.  The  true  Pig  belongs  to  the  Family  Suidae  and  is 
a  domesticated  variety  of  the  wild  boar,  5us  scrofa,  whicli,  as  is  well 
known,  survived  in  England  until  the  middle  ages  and  still  survives 
in  Europe.  In  the  male  the  canines,  or  eye-teeth,  are  powerfully 
developed,  those  of  the  lower  jaw  projecting  upwards  outside  the 
mouth.  In  the  Babirusa,  Babirusa  affurus,  of  Celebes,  the  upper 
canines  do  not  enter  the  mouth  but  are  bent  upwards  and  appear 
through  special  holes  in  the  skin,  curving  back  over  the  head  like 
horns.  They  grow  persistently,  their  roots  being  kept  open.  The 
Pigs  are  not  strictly  vegetable  feeders,  but  are  really  scavengers, 
eating  every  vegetable  or  animal  substance  they  encounter,  the 
food  they  especially  seek  consisting  of  roots,  A  very  interesting 
genus,  the  Peccary,  is  represented  by  two  species,  Dicotyles  tajacu 
and  D.  labiatuB,  which  inhabit  the  American  continent.  The 
former  ranges  from  Patagonia  to  the  Red  Kiver  of  Arkansas,  the 
latter  between  Paraguay  and  British  Honduras.  The  name  means 
"two  navels"  and  was  suggested  by  the  presence  of  a  large  gland  in 
the  middle  of  the  back  resembling  a  navel.  On  the  hind-foot  the 
fifth  toe  is  wanting,  so  that  there  are  only  three  toes;  but  the  posi- 
tion of  the  axis  of  symmetry  is  still  between  the  third  and  fourth 
toes.  The  Peccaries  go  in  droves  and  are  most  dangerous  antago- 
nists; climbing  a  tree  is  the  only  chance  of  safety  to  a  hunter  who 
meets  a  herd. 

When  we  leave  the  Pigs  we  have  to  deal  with  the  higher 
section  of  the  Artiodactyla,  the  SelesODOSTIA  or 
RuMiSAyriA,  which  include  most  of  our  domestic 
animals,  the  cow,  sheep,  goat,  camel,  etc.,  as  well  as  all  the  deer  and 
antelopes.  The  name  is  derived  from  the  habit  of  ruminatiug,  that 
is  of  bringing  the  food  back  from  the  stomach  into  the  mouth  after 
it  has  been  swallowed,  and  chewing  it  again.  Corresponding  to  this 
habit  we  find  that  the  stomach  has  acquired  a  complicated  structure. 
Just  where  the  gullet  opens  into  it  we  find  a  large  pouch  projecting 
laterally  with  the  walls  covered  with  little  projections  or  papillae. 
This  is  called  the  paunch  or  rumen;  just  below  the  oesophagus  is 
another  smaller  pouch  divided  by  a  constriction  from  the  first  (Fig. 
321).  The  second  pouch  is  called  the  reticulum  because  its  walls 
are  raised  into  intersecting  folds,  producing  cavities  like  the  cells  of 
a  honeycomb.  The  food  is  swallowed  without  chewing,  mixed  with 
saliva,  and  after  traversing  the  oesophagus  it  is  driven  from  nmien 
to  reticulum  and  back  by  the  action  of  the  muscles,  and  well  soaked 
with  gastric  juice.    After  some  time  it  is  pressed  up  again  into  the 
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mouth  and  thoroughly  ground  up  by  the  great  broad  premolar  and 
molar  teeth.  When  swallowed  for  the  second  time  it  is  nearly 
fluid.  It  now  passes  down  a  groove  or  channel  in  the  side  of  the 
gullet  enclosed  between  two  ridges.  Reaching  the  spot  where  the 
gullet  opens  into  the  stomach,  the  grooves  are  continued  along 
the  upper  wall  of  the  stomach  and  the  Quid  food  is  led  away  from 
the  paunch  into  the  third  division  of  the  stomach,  the  manyplies 
or  p  s  alt  erium,  which  has  numerous  folds  of  membrane  projecting 
into  its  cavity  ;  by  means  of  these  the  food  ia  completely  filtered 
from  all  the  solid  matter  it  contains.     It  then  passes  on  into  the 


Fio.  321.     Stomach  of  a.  Sbeep,  cut  open  to  show  the  various  chambers. 

I.  Oesophagus.  2.  Rumen.  3.   Reticulum.  i.   Psalterlum. 

6.   Abomasum.  6.    Duodenum. 

fourth  and  last  compartment,  the  abom  asu  in,  whose  walls  are  raised 
into  but  a  few  ridges  and  which  is  lined  with  an  epithelium  con- 
taining numerous  gastric  glands.  This  leads  into  the  duodenum, 
or  flrat  part  of  the  intestine,  in  which  the  digestion  is  completed. 
The  teeth  of  the  Ruminants  have  no  distinct  tubercles  like  those 
of  the  Pig,  since  these  projections  have  become  confluent  so  as  to 
form  hard  curved  ridges  of  enamel ;  and  as  the  jaws  shift  on  each 
other  sideways,  the  upper  and  lower  back  teeth  produce  a  grinding 
action  just  as  two  millstones  do.     The  name  Selesodontia 
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(Gr.  (rcXijr^,  the  moon)  has  been  given  to  the  Buminantia  on 
account  of  the  crescentic  ridges  on  their  teeth,  which  are  termed 
eelenodont.  It  is  interesting  to  note  as  evidence  of  the  more 
advanced  structure  of  the  Buminantia  as  compared  with  the  Suina, 
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that  the  selenodont  teeth  always  pass  through  a  bunodont  stage 
in  their  developement.  The  canines  in  the  upper  jaw  are  long  in 
the  male  Moscktta,  who  no  doubt  uses  them  in  fais  fight  for  the 
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possession  of  the  female.  The  lower  canines,  however,  are  usually 
placed  close  to  the  lower  front  teeth  and  indistinguishable  from 
them.  There  are  —  with  few  exceptions — no  front  teeth  in  the 
upper  jaw,  and  the  grass  is  bitten  off  by  pressing  the  lower  front 
teeth  against  a  patch  of  hardened  gum. 

The  feet  of  the  Ruminants  are  organs  beautifully  formed  forquick 
motion,  the  ideal  which  Nature  has,  so  to  apeak,  striven  to  attain, 
being  the  same  in  their  case  as  in  that  of  the  horse,  though  she 
has  had  to  start  from  a  different  basis.  As  in  the  case  of  the  Horse, 
the  end  striven  after  has  been  a  firm  jointed  lever  moving  only  in 
one  plane ;  but  in  Ruminantia  this  has  been  attained  by  keeping  two 
fingers  and  two  toes,  and  so  to  speak  glueing  them  together  except 
in  the  bones  of  the  hoof.  Ruminants,  like  Horses,  walk  on  the 
points  of  their  finger-  and  toe-nails;  the  metacarpals  of  the  third  and 
fourth  digits  are  fused  together,  whilst  of  the  outer  fingers  and  toes 
only  vestiges  remain  which  hardly  ever  reach  the  ground,  and  often 
do  not  appear  externally.  The  "  cloven  hoof  "  is  therefore  formed 
by  the  nails  of  two  fingers  or  two  toes  (Fig.  322). 

The  families  composing  the  division  Ruminantia  are  the  Tra- 

GULiDAE  or  Chevrotains;  the  Camelidae  or  Camels 

(Tylopoda);  the CERViDAEor Deer;  theGiRAFPinAEor 

Giraffes;  the  Antilocapbioae  which  has  butone  species,  the  Prong- 

buck,  Antilocapra  americana;  and  the  Bovidae  or  hollow-horned 

cattle  (Cavicornia),  including  antelopes,  goats,  sheep,  and  oxen. 

The  TRAOULinAE  comprise  some  small  animals  found  in  Africa 
and  India,  in  which  the  foot  is  intermediate  in  structure  between 
that  of  the  pigs  and  that  of  the  higher  Ruminants :  the  outer  toes 
are  complete  although  very  slender,  and  the  two  inner  imperfectly 
joined  with  one  another.  The  stomach  and  teeth,  however,  are  like 
those  of  a  Ruminant,  except  that  there  is  no  third  compartment 
or  psatterium.  The  African  Chcvrotain  from  the  West  Coast  is 
larger  than  its  Asiatic  allies  (Fig.  323).  It  frequents  water^jourses 
and  is  said  to  have  the  habits  of  a  pig. 

The  Camels  are  familiar  to  all  as  far  as  their  general  appearance 
is  concerned.  The  humps  —  of  which  the  Arabian  camel,  Camelvs 
dromedarius,  has  one,  and  the  Bactrian  or  Asiatic  camel,  C.  bactri- 
anus,  two — are  masses  of  fat,  reserve  material  on  which  the  animal 
supports  its  life  when  deprived  of  food.  In  the  foot  the  main 
weight  rests  on  a  pad  behind  the  hoofs;  these  latter  are  separated 
from  each  other,  so  that  the  animal  has  a  broader  support  than  a 
cow  or  a  deer.     A  camel  does  not  walk  on  its  linger-  and  toe-nails, 
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but  on  the  last  joints  of  the  fingers  and  toes.  The  stomach  has  no 
psalterium,  but  both  the  rumen  and  reticulum  have  a  large  number 
of  water-cells,  that  is,  deep  pouch-like  outgrowths  in  which  a  quite 
undrinkable  fluid  is  stored.  It  will  be  noted  that  all  the  peculiar- 
ities of  the  structure  of  the  Camel  which  have  just  been  mentioned 
are  directly  related  to  the  exigencies  of  a  life  on  arid,  sandy  wastes. 
Thus  the  diverging  toes  and  leathery  pad  on  the  foot  enable 
them  to  secure  a  broader  surface  of  the  yielding  sand  on  which  to 
support  the  animal's  weight-,   the  humps  are  a  provision  of  food. 


Fia.  323.    The  African  Water-chevrotain,  Dorealherium  agualieum. 

and  the  water-cells  iu  the  stomach  contain  a  supply  of  fluid  to 
serve  the  animal  in  its  long  wanderings  from  oasis  to  oasis  over 
the  desert.  The  Arabian  Camel  is  only  known  in  the  domesticated 
state,  but  the  Bactiian  Camel  ranges  wild  over  some  of  the  more 
inaccessible  regions  of  Central  Asia. 

It  is  a  remarkable  and  interesting  fact  that  we  find  some 
members  of  the  Camel  tribe  in  South  America  These  animals,  the 
Llama,  Aucheiiia  glama;  the  Vicuna,  A.  vicugna;  the  Alpaca, 
A.  pacoa;  and  the  Huanaco,  A.  huanacus,  live  in  the  Andes,  They 
have  no  humps  but  possess  long  fleeces  which  are  used  for  making 
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cloth.  The  skeleton  of  one  of  these  animals  is  almost  indistinguish- 
able from  that  of  a  camel,  and  they  have  the  same  stupid,  stubborn 
ways  as  theiv  relatives  in  the  Old  World.  It  is  curious  to  see  in 
the  stomach  the  same  provision  as  is  found  in  the  camel,  although 
water  is,  as  a  rule,  plentiful  enough  where  the  Llama  lives.  In  such 
a  case  the  only  explanation  that  can  be  given  is  that  the  Llama's 
ancestors  originated  in  the  Old  'World,  and  like  man  colonised  the 
New  World  later. 

The  higher  Ruminants  are  divided  into  two  main  groups  accord- 
ing to  the  character  of  their  horns.  In  the  Cervidae  or  true  Deer 
the  horns  are  bony  outgrowths  of  the  frontal  bones.  The  horns  are 
shed  every  year  and  are  nearly  always  branched.  They  may  be 
termed  antlers  to  distinguish  them  from  the  true  horns  of  the 
Eovidae.  The  antlers  are  usually  confined  to  the  male,  but  in  the 
Reindeer,  Rangifer  taravdus,  which  is  called  the  Caribou  in  Canada, 
they  also  occur  in  the  female.  When  the  antler  has  attained  its 
full  growth,  the  blood  supply  ceases  and  the  skin  peels  off.  In  a 
rim  round  the  base  called  the  "  fur  "  absorption  takes  place,  so  that 
the  greater  part  is  easily  detached.  In  the  Cavieornia  or  Rovidae, 
the  core  of  the  horn  is  an  unbranched  bony  outgrowth  into  which 
air  spaces  continuous  with  the  cavity  called  the  frontal  sinus  of  the 
skull  often  extend.  This  core  is  permanent  and  is  covered  by  a  hard 
horny  sheath  made  of  compacted  hairs.  Two  species  occupy  an 
intermediate  position,  and  have  been  made  the  types  of  distinct 
families:  these  are  the  Giraffe,  Qiraffa  cumefopai-dalia,  and  the 
Prongbuck,  Antitocapra  americana.  Tlie  Giraffe  is  confined  to  the 
grassy  plains  of  the  interior  of  Africa;  it  is  a  conspicuous  inmate  of 
Zoological  Gardens,  on  account  of  its  extraordinarily  long  neck,  in 
which,  however,  there  are  as  usual  only  seven  vertebrae.  The  Giraffe 
has  two  short  horns,  unbranched  and  covered  throughout  with  soft 
fur.  In  the  Prongbuck,  which  is  found  iu  the  prairies  of  North 
America,  the  horn  bears  a  small  lateral  branch  and  is  covered  with 
a  horny  sheath,  and  this  sheath,  not  the  horn  itself,  is  shed  once 
a  year. 

In  the  family  Bovidak  are  included  everything  from  an  Antelope 
to  an  Ox,  and,  strange  as  it  may  appear,  we  have  practically  a 
complete  series  of  links  iilHng  up  the  gap  between  the  graceful 
light-limbed  Gazelle  and  the  thick-necked  Buffalo,  so  that  we  cannot 
say  very  precisely  where  Antelopes  end  and  Oxen  begin.  The 
Musk-ox,  Ovibos  mosckatus  (Fig,  324),  which  ranges  over  the 
Arctic  wastes  of  Canada  in  large  herds,  is  intermediate  in  some 
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respects  between  the  Sheep  and  the  Goata  on  the  one  hand  and 
the  Oxen  on  the  other,  but  is  more  closely  allied  to  the  former 
aeries. 

At  present  in  Britain  there  are  but  two  indigenous  species  of 
deer  found  wild,  the  Red-deer  of  Scotland,  Cervus  etapkus,  and  the 
Roe-deer,  Capreolm  caprea;  the  Fallow-deer,  C.  dama,  is  probably 
an  introduced  species,  and  at  present  is  only  represented  in  Britain 
by  semi -domesticated  animals.  In  Roman  times  there  were  wild 
Oxen,  and  some  suppose  that  a  breed  of  wild  Oxen  kept  at  Chilling- 
ham  in  Northumberland  and  in  one  or  two  other  large  parks  are 
descended  from  these  ancestors. 


FiQ.  324.     The  Musk-oz,  Oviboi  moaekatag. 

In  Canada  a  large  variety  of  the  Red-deer,  the  Wapiti,  Cervus 
canadensis,  is  found,  also  the  Reindeer  or  Caribou,  Rangifer 
tarandus,  and  the  Elk  or  Moose,  Alcea  machlis,  with  broad  fan-like 
horns.  Throughout  the  whole  of  Eastern  America  the  eo<alled 
"red-deer,"  Cartaciis  virginianus,  is  found  in  the  mountains.  The 
Bovidae  are  represented  by  the  Musk-ox,  Ovibos  moschaius,  with 
horns  curved  tike  a  ram,  and  by  the  Rocky  ^Mountain  Goat,  flaplo- 
ceros  monlumis.  Until  recently  the  American  Bison,  the  so-eailed 
"  Buffalo,"  Bos  americanus,  ranged  in  enormous  herds  over  the 
Western  plains  of  North  America;  but  before  1883,  —  with  the 
exception  of  a  few  scattered  stragglers  which  are  "protected,"  — 
this  magnificent  animal  had  been  exterminated. 
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Order  VII.    Eodentia 

The  Rodentia  or  Gnawers  (Lat.  rodo,  to  gnaw)  are  another  of  the 
main  divisions  of  the  Mammalia  and  include  our  rabbits,  hares, 
squirrels,  rats,  and  mice,  besides  the  porcupine,  beaver,  guinea-pig, 
and  many  other  foreign  species.  These  are  all  sharply  marlied  off 
from  other  mammals  by  the  structure  of  their  teeth.  The  incisors, 
of  which  there  are  typically  only  one  pair  iu  each  jaw,  are  chisel- 

2     8    t    6     a 


Fio,  335.  Side  view  of  the  skuil  of  the  Riibbit,  Lfpits  cunieiitug. 
1.  Nasal  bone.  'i.  Liichryiiial  bone.  3.  Orblto-tiphenoid.  4.  Frontal. 
6,  Oplic  foramen.  6.  Orbital  groove  for  ophclialmjc  diviKion  of  trigeminal 
nerve.  7.  Zygomatic  proceBS  of  squamosal.  8.  Parietal.  9.  Squamosal. 
10.  Supra-occipital.  11.  Tympanic  bone.  12.  E:ccenial  auditory 
meatus.  14.  Lower  incisor.  15.  Anterior  premolar  tooth.  Ifl.  Anterior 
upper    LDcisor.  IT.  Mandible.  IS.  Maxilla.         W.  Fremaxilia. 

^0.   Occipilal  condyle. 

shaped  and  covered  with  hard  enamel  on  their  outer  sides  only. 
They  constantly  grow  and  are  only  kept  down  to  proper  size  by 
continual  gnawing  and  rubbing  against  each  other  (Fig.  325).  If 
one  of  the  teeth  is  destroyed  the  opposite  one  grows  until  it  may 
pierce  the  other  jaw,  prevent  the  month  from  being  opened,  and  thus 
Starve  the  animal  to  death.  There  are  no  canines,  so  tliat  there 
is  a  great  space  or  diastema  between  the  front  teeth  and  back 
teeth.  The  claws  are  always  blunt  and  nail-like,  and  walking  is 
done  on  the  last  joints  of  fingers  and  toes,  not  as  in  the  case  of  the 
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Ungulates  on  the  points  of  the  nails  (Fig.  295).  Our  English 
KoUenls  are  the  Hares  and  Rabbits,  Lf.pokidae;  the  Squirrels, 
Sciukidae;  the  Voles,  Rats,  and 
Mice,  Muridae;  and  the  I>or- 
mouse,  the  sole  British  represen- 
tative of  the  family  Mvoxiuae. 
In  North  America  thei-e  are 
allied  species,  and  in  addition, 
the  Groimd-squirrels,  or  Chip- 
munks, Taiitias,  and  three 
species  of  WooJchuck  or  Mar- 
mot, Ardomys;  also  Poi-cupines, 
represented  by  tlie  common 
Canadian  Porcupine,  Erethizon 
dormtua,  the  Beaver,  Castor 
canadensis,  and  many  others. 
Ilyatrix  cristata  is  the  Porcu- 
pine of  Southern  Europe  and 
Northern  Africa.  The  guinea- 
pig  is  probably  a  domesticated 
variety  of  the  South  American 
species  Cacia  cutleri.  These 
various  species  are  very  like 
each  other  in  their  general 
anatomy,  differing  in  the  char- 
N  of  the  flkull  ot  ^ter  of  their  molars,  in  their 
fur,  and  in  their  tails. 

Hares  and  Rabbits  consti- 
tute the  DVPLIVIDENTA  TA, 
one  of  the  two  sub-orders  into 
which  the  order  is  divided. 
The  name  is  derived  from  the  possession  of  an  extra  pair  of  upper 
incisors,  which,  however,  are  so  small  as  to  be  useless.  The  tail  is 
short  and  the  cusps  of  the  premolar  and  molar  are  joined  so  as  to 
form  ridges  or  folds  running  across  the  tooth.  The  Common  Hare, 
Lepaa  timidua,  and  the  Mountain  Hare,  L.  variabilis,  are  both  Brit- 
ishj  they  have  longer  legs  ihau  the  third  British  form,  the  Rabbit, 
L.  ciniiculiia,  and  have  fewer  young  at  a  time.  In  the  temperate 
part  of  North  America  there  are  at  least  six  species  of  Dupliciden- 
tata  all  referable  to  the  genus  Lepus.  Of  these  the  moat  interesting 
are    Lejivs  americanua   and  Lepua  campestria.      The  fur  of   both 


Fio,  326,    Dorsal  vii 

a  Rabbit,  Lepus  cumciilva. 
1.  Naaal  bone.      4.   Frontal.      7. 

ce8s  of  squamoaal  supporting  ibejugal. 

S.    Parietal.  10.    Supra-occipital. 

12.   Kxieriial  auditory  meatus.      I;t. 

Angle  o£  lower  jaw.    17.  Interparietal. 
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these  species  turns  white  at  the  tips  in  winter,  enabling  the  animals 
to  escape  observation  on  the  snow-covered  ground. 

L.  americanus,  the  yorthem  Hare,  is  abundant  in  New  England 
and  Eastern  Canada;  its  summer  fur  has  a  cinnamon  colour.  L. 
campestris  is  the  famous  "Jack-Rabbit"  of  the  western  prairies, 
which  has  fur  of  a  yellowish^rey  colour  in  summer.  It  can  run 
with  great  swiftness. 

The  remaining  Rodentia  are  called  SimplicidENTATA,  and 
possess  only  two  incisors  above,  one  on  each  aide. 

The  Squirrel,  Sciurus,  is  distinguished  by  its  bushy  tail,  its 
large  hind-limbs,  aud  the  fact  that  the  cusps  on  its  back  teeth  are 
distinct.  Sciurus  wilgaris  is  the  common  British  Squirrel ;  it  ex- 
tends from  Ireland  to  Japan.  Two  species  are  very  common  in 
Canada  and  New  England,  viz.  Sciitnta  hiidsonicus,  the  Red  Squir- 
rel, and  6'.  carolinensis,  the  Grey  Squirrel.  These  lively  little  ani- 
mals can  be  seen  in  autumn  disporting  themselves  in  the  trees  lining 
the  avenues  of  the  suburbs  of  Montreal.  Sciuropterus  volans  is  the 
Flying  Squirrel ;  this  animal  is  provided  with  a  furry  expansion  of 
the  skin  of  its  sides  joining  the  elbow  and  knee.  This  expansion 
forms  a  parachute-like  membrane  which  supports  it  in  its  great 
leaps  from  tree  to  tree.  In  these  manceuvres  it  is  assisted  by  the 
broad  Rattened  tail.  The  Flying  Squirrel  is  common  in  the  tem- 
perate part  of  the  United  States.  A  similar  but  larger  species  (5. 
aabriuifa)  may  be  seen  at  dusk  leaping  from  tree  to  tree  on  the  Moun> 
tain  of  Montreal.  Anomahu-us,  found  in  West  and  Central  Africa, 
is  also  a  Flying  Squirrel,  the  skin  of  whose  sides  is  prolonged  into 
a  parachute-like  membrane  (Fig.  327).  It  differs  from  Scivropterua, 
however,  in  having  a  round  tail  provided  with  homy  scales  under- 
neath, which  assist  in  climbing,  and  in  having  its  "  parachute " 
supported  by  a  cartilaginous  rod  arising  from  the  elbow. 

The  Mice  and  Rats,  Muridae,  have  naked  tails  with  scales 
underneath.  The  ordinaiy  Rat  is  the  brown  Norway  Rat,  Mas 
deeumanua,  which  was  introduced  some  time  ago  into  England  and 
has  almost  evei-ywhere  driven  out  the  old  English  Black  Rat, 
M.  1-aitua.  The  Common  British  Mouse  is  M.  munculua;  and  the 
Wood-mouse,  M.  sylvaticia,  and  the  Field-mouse,  M.  mtnutus,  also 
occur  in  Britain.  The  Water-rat  or  Vole,  Arvicola,  is  distin- 
guished from  the  true  Rat  by  the  fact  that  the  cusps  on  its  back 
teeth,  instead  of  being  as  in  the  true  Rat  rounded,  are  angular. 
A.  amphibius,  the  Water-vole,  A.  agrestis,  the  Field-vole,  which 
often  does  much  damage  to  crops,  and  A.  glareolus,  the  Bank-vole, 
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represent  the  genns  in  Britain.  The  Dormouse,  JUtucardinta 
avellanariuB,  which  like  the  Squirrel  passes  the  winter  in  a  hole  in 
a  tree,  has  a  long  bushy  tail,  and,  in  outer  appearance  at  any  rat«, 
more  resembles  a  tiny  squirrel  than  a  rat.  In  its  skull  it  resembles 
the  MuBiDAE,  but  it  differs  from  both  Squirrels  and  Rats  in  not 


Fio.  327.     The  African  Flying  Squirrel,  Attomalurtti  futgem. 


possessing  a  caecum  on  the  intestine.  On  this  account  it,  along 
with  five  or  six  allied  species  from  Europe  and  Africa,  has  been 
separated  as  a  distinct  family,  the  Myoxidae. 

AmongstJrhe  most  interesting  American  Rodents  are  the  Beaver, 
the  Porcupine,  the  Gri^und-squirrel,  the  Mannots  and  the  Musquash. 
The  Bearer,  Castor  canadensis,  has  a  broad  flat  tail,  suited  for 
swimming,  which  is  covered  with  horny  scales  above  and  below. 
The  Beaver,  by  means  of  its  sharp  incisors,  cuts  down  trees  growing 
on  the  banks  of  streams,  so  that  they  fall  across,  damming  them 
up,  and  thus  raise  the  level  of  the  water  so  as  to  cover  the  entrance 
to  their  burrows.  By  this  means  large  tracts  of  country  have  been 
converted  into  swamp.  The  Porcupines  have  some  of  their  hairs 
developed  into  sharp  spines  which  make  them  awkward  objects  to 
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handle.  In  the  Canadian  PorcupiDe,  Erethizon  doraatus,  the  spines 
are  concealed  by  the  fur.  The  commonest  Ground-squirrel  of 
North  America  is  the  Chipmunk,  Tamias,  an  active  little  animal 
with  ]Mge  eyes  and  a  short  hairy  tail.  The  Frairie  Maiinot, 
Cynomys,  or  so-called  Prairie-dog,  lives  together  in  communities, 
burrowing  in  the  ground.  Their  homes  are  often  shai-ed  by  a  small 
burrowing  Owl,  Athene  cunicularia,  and  by  a  Rattlesnake,  which 
probably  eats  the  young  Marmots.     The  Musquash  or  Musk-rat, 


Fio.  328.     TheMusquftsli,  Fiber  xibHhicm. 

Fiber  zibelkicus,  is  peculiar  to  North  America,  and  very  widely 
distributed  in  suitable  places  (Fig.  328).  It  is  aquatic,  living  on 
roots  and  water-plants,  and  most  active  at  night  It  constructs 
burrows  in  the  banks  of  streams,  the  openings  of  which  are  under 
water.     Its  fur  is  valued. 

Order  VIII.    Cheiroptera 

The  Cheiroptera  (Gr.  x^^'  a  '"and ;  vitpov,  wing)  or  Bats  have 
not  in  their  general  organisation,  in  teeth  or  brain  or  stomach, 
departed  far  from  the  Insectivora;  their  great  distinguishing 
feature  is  the  modification  of  the  arm  into  a  wing.  As  in  Birds,  the 
fore-arm  is  bent  up  on  the  upper  arm,  the  wrist  bent  down  on  the 
fore-arm  \  but  unlike  birds'  wings  the  tlying  membrane  is  of  skin,  the 
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greater  part  of  which  is  stretched  between  the  fingers  of  the  five- 
Sngered  hand,  only  the  smaller  part  extending,  as  in  Birds,  between 
the  elbow  and  the  side  of  the  body.  The  hand  is  enormouB,  the 
little  finger  being,  as  a  rule,  very  greatly  developed  and  as  long  as 
the  rest,  whilst  the  thumb  alone  is  small  and  is  not  included  in  the 


Fio.  329.    SkeleUin  oF  Pleropus  mediui,  a  fruit-eating  Bat  X  about }. 
1.  Clavicle.      2.  Keeled  sternum.       3.  Scapula.       i.  Humerus.      5.  Radius. 
6.  Ulna.        T.  Little  finger.        S.  Thumb  9.  Ilium.         10.  Pubis. 

11.  Ischium.  12.  Obturator  foramen.  13.  Femur.         14.  TlbiA. 

16.  Fibula.  10.  Tarsus. 
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membrane,  but  ends  io  a  hook-like  nail  (Fig.  329).  Part  of  the 
membrane  extends  down  the  thighs,  and  in  some  even  the  tail  is 
involved.  The  knees  are  turned  outwards  and  backwards,  a  most 
extraordinary  position  which  would  mean  dislocation  if  the  hip-joint 
of  any  other  mamma  were  forced  into  it,  but  which  is  rendered 
possible  in  Bats  owing  to  the  fact  that  in  them  the  ptibes  are  not 
directed  inwards  so  as  to  meet  one  another  in  a  symphysis  but  slope 
outwards,  and  are  consequently  widely  separated  from  one  another 
(Fig.  329),  When  the  Bat  crawls  it  hooks  itself  along  with  its 
thumb-nail  and  pushes  itself  awkwardly  with  its  hind-feet.  It  is 
a  most  awkward  gait,  and  the  animal  is  consequently  very  helpless 
when  not  flying. 

One  of  the  most  extraordinary  things  about  Bats  is  the 
development  of  sensitive  patches  of  skin  on  the  face  for  the 
purpose  of  perceiving  faint  disturlmnces  in  the  air.  It  has  been 
shown  that  the  eyes  of  Bats,  although  apparently  normal,  are 
really  imperfect,  that  in  fact  the  layer  of  visual  rods  in  the  retina, 
which  is  the  special  organ  of  light-perception,  is  most  imperfectly 
developed.  To  compensate  for  this  we  find,  in  some  species,  the 
outer  ear,  in  others  the  skin  around  the  nostrils,  in  others 
again  the  skin  on  the  lips  and  chin,  developed  into  curious  out- 
growths richly  supplied  with  nerves.  By  means  of  these  sense- 
orgaus  liats  are  enabled  to  avoid  obstacles,  and  a  blind  Bat,  let 
loose  in  a  room  across  which  numerous  strings  have  been  stretched, 
will  fly  about  without  touching  one.  Owing  to  their  powers  of 
flight  Bats  are  exceedingly  widely  distributed,  being  found  on  small 
oceanic  islands  where  there  are  noother  mammals.  The  true  blood- 
sucking Bat  or  Vampire,  Desmodns  rvfus,  is  found  in  Central  and 
in  South  America.  Its  back  teeth  are  rudimentary,  but  its  front 
teeth  ai-e  razor-edged.  The  so-called  Flying  Foxes  or  Fox-bats, 
Pterojms,  of  India  and  Madagascar,  are  the  largest  Bats  known ; 
they  feed  exclusively  on  fruit,  and  the  cusps  on  their  teeth  are 
blunter  than  is  usual  amongst  Bats.  Allied  to  them  is  the  African 
XantJiarpt/ia,  one  species  of  which  frequents  the  interior  of  the 
Pyramids  and  other  dark  ruins  in  Egypt  (Fig.  330).  Both  are 
included  in  the  family  Ptebopidae.  In  Great  Britain  we  have  some 
fifteen  species  of  Bat,  divided  amongst  five  genera.  Of  these  the 
Long-eared  Bat,  Plecotua  auritux;  the  Whiskered  Bat,  VeKj^rlHw 
myatacinua;  the  Horse-shoe  Bats,  Rhinolophits  liippoaiderua  and 
Rh.  fermmeqiiinum  ;  the  Barbastelle, -Synofws  bariosfe/^ws;  and  the 
Pipisti-elle,  Veapenigo  pipistrellua,  represent  the  genera.     Besides 
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the  apecies  just  mentioned  there  are  three  more  species  of  Veapenigo 
and  three  more  of  VenpertiUo  in  Britain.  South  America  has  a 
large  fauna  of  peculiar  Bats,  but  the  Korth  American  forms  are 


Fio,  330.     Female  and  young  of  Xantharpyia  collarit.     From  SclaUr. 

allied  to  the  British,  although  the  species  are  distinct.  The 
Serotine,  Vespemgo  serotinus,  is  the  only  species  common  to  the  two 
regions.  Scotopkibis  humeralis  is  one  of  the  most  familiar  species 
peculiar  to  North  America. 
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Order  IX.  PrimateB 
The  last  order  of  the  Maintualia  is  that  of  the  Primates  which 
include  Lemurs,  Monkeys,  and  Man.  As  was  mentioned  before,  this 
order  is  characteristically  arboreal,  that  is  to  say,  they  live  among 
trees, climbing  from  branch  to  branch.  This  ciroumstancemay  explain 
why  they  retain  certain  primitive  characteristics  found  elsewhere 
only  amongst  the  Insectivora.  Thus  the  thigh  and  upper  arm  are 
quite  free  from  the  body,  and  the  whole  sole  and  palm  are  placed  on 
the  ground  when  walking ;  and  there  are  five  fingers  and  five  toes. 
On  the  other  hand  the  eyes  are  pushed  round  to  the  front  of  the 
skull  instead  of  being  placed  at  the  sides  of  the  head,  and  tlie  jugal 
joins  the  post-orbital  process  of  the  frontal,  so  that  the  orbit  is 
surrounded  by  a  bony  ring  (Fig.  331).  Some  at  least  of  the  toes 
have  fiat  nails.    The  big  toe  is  shorter  than  the  rest,  and,  except 


Fio.  331.    Hall  front  view  of  the  sknlls,  A,  of  an  old,  B,  of  a  yoang  GoriUa, 

6'trilla  sasagei  x  J. 

1.  Parietal.         2.   Sagittal  crest.         3.   Frontal.        4.   Supra.orbital  ridge. 

5.  Squamosal.         6.   Maxilla.         7.  Estemal  auditory  meatus. 

in  Man,  can  be  separated  from  them  so  as  to  be  used  for  grasping. 
In  most  but  not  in  all  Monkeys,  the  thumb  can  be  used  similarly, 
so  that  monkeys  are  said  to  have  four  hands.  There  are  two  large 
mammae  or  nipples  situated  on  the  breast.  Other  mammae  when 
present  ai'e  vestigial  and  situated  behind  the  functional  ones. 

There  are  two  great  divisions  of  the  Primates,  the  LemuROWEA 
and  the  AKTHROPOinEA.  The  first  of  these  includes  some  curious 
little  animals,  of  which  the  great  majority  are  found  in  the  Island  of 
Madagascar,  the  rest  in  Afi-ica  and  the  Malay  Archipelago.     Many 
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of  the  Species  are  nocturnal,  move  silently  and  have  large  eyes, 
whence  the  name  Lemur  (Lat,  lemures,  goblins,  spectres).  These 
animals  have  heads  recalling  those  of  rats,  with  no  suggestion  of  the 
human  face,  and  iu  their  brains  and  some  other  poiuts  they  are  far 
below  the  Monkeys.  The  cerebral  hemispheres  do  not  cover  the 
cerebellum  ;  the  placenta  of  the  embryo  is  spread  evenly  all  over  the 
surfaceof.the  womb,  and  there  are  occasionallyadditionat  mammae  on 
the  abdomen.  Their  incisor  teeth  are  separated  in  the  middle  Hue, 
but,  as  in  all  Primates,  there  are  never  raore  than  two  on  each  side. 
The  Riug-tailed  Lemur,  Lemur  calla  (Fig.  332),  is  said  to  be  an 


Fio.  332.    The  Ring-tailed  Lemur,  Lentur  caita. 

exception  to  the  rule  JJiat  the  group  is  ai'boreal  and  to  live  amongst 
rocks  and  bushes,  but  other  authorities  say  that  it  lives  in  troops 
amongst  the  forests  of  Madagascar.  It  is  a  gentle,  graceful  creature 
with  a  plaintive  cry. 
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The  AffTBROPOtDBA,  including  the  true  monkeys  and  man,  are 
distinguished  by  the  fact,  that  the  bony  ring  surrounding  the  orbit 
sends  inwards  a  plate  of  bone,  which  completely  separates  the  orbit 
from  the  temporal  fossa.  Further,  the  cerebral  hemispheres  conceal 
the  cerebellum  when  the  brain  is  viewed  from  above;  the  placenta 
is  highly  developed  and  concentrated  on  one  part  of  the  wall  of  the 
womb,  and  there  are  never  more  than  two  mammae.  This  sub- 
order of  Primates  is  divided  into  five  families,  viz.  Hapalidae, 
Cebidae,  C  ergo  pith  EC  I  dak,  Simiidae,  and  Hominidae,  the  last 
being  constituted  of  the  single  species.  Homo  sapiens,  man. 

The  Hapalidae  and  Cebidae  are  confined  to  South  and  Central 
America,  and  are  sometimes  grouped  together  as  PlATYRRHlSI 
(tir.  Trkarvi,  broad,  ^'s,  pivot,  nose).  The  animals  belonging  to  this 
section  have  a  broad  internasal  septum  and  three  pairs  of  premolar 
teeth.  The  tympanic  bone  is  without  a  tube-like  prolongation. 
The  Hapalidae  or  Marmosets  are  small,  furry  animals  inhabiting 
the  forests  of  Brazil  and  Colombia;  they  have  the  least  ape-like 
feet  of  any  of  the  Anthropoidea.  The  great  toe  is  small  and  it 
alone  has  a  flat  nail;  all  the  other  toes  and  all  the  fingers  bear 
curved  claws.  There  are  only  two  pairs  of  molars.  The  Cebidae 
have  flat  n^ls  on  their  fingers  and  toes  and  three  pairs  of  molars, 
making  with  the  premolars  six  cheek-teeth  on  each  side  of  each, 
jaw,  tlie  largest  number  found  amongst  Anthropoidea.  The  Cebidae 
have  prehensile  tails  which  assist  them  in  climbing.  The  genus 
AteUi  includes  the  Spider-monkeys,  in  which  this  function  of 
the  tail  is  prominent,  the  under  side  of  this  organ  being  naked 
and  scaly  so  as  to  allow  the  animal  to  obtain  a  hold.  The  genus 
CebiiK  has  the  tail  haiiy  all  round;  several  species  of  this  genus 
are  often  seen  in  captivity. 

The  Cer';opithecidae  and  Simiidae  are  confined  to  the  Old 
World.  They  constitute  the  section  CatarRHIXI,  characterised 
by  the  possession  of  a  narrow  internasal  septum,  a  spout-like 
prolongation  of  the  tympanic  bone  extending  into  the  base  of  the 
ear-flap,  and  the  reduction  of  the  number  of  premolar  teeth  to  two 
pairs,  whilst  thei-e  are  always  three  pairs  of  molars.  The  Ckr- 
copiTHKciDAE  have  the  legs  as  long  as  the  arms,  or  longicer,  and  go 
habitually  on  all-fours.  There  are  always  bare  patches  of  thick 
callous  skin  on  the  buttocks,  forming  the  so-called  ischial  callosities 
on  which  the  animals  rest  when  they  assume  a  sitting  posture, 
and  there  is  in  almost  every  case  a  well-developed  tail.  This 
family  includes  the  Indian  and  African  monkeys  —  the  Bandar-log 
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of  Kipling's  Jungle  Tales.  One  species,  Macaeus  tnuus,  the  Bar- 
bary  ape,  is  found  on  the  Kock  of  Gibraltar,  and  this  is  the  only 
species  which  enters  Europe.  It  is  remarkable  for  being  completely- 
tailless.  Semnopitkecus  entellua  is  the  sacred  Langur  of  India,  and 
owing  to  its  immunity  from  persecution  has  become  very  abundant. 


From  a  specimen 

The  SiMiiDAE  include  those  monkeys  which  in  structure  and 
appearance  most  resemble  man.  In  this  family  the  tail  is  completely 
absent,  the  arras  are  longer  than  the  legs,  and  the  gait  might  be 
described  as  that  of  a  baby  learning  to  walk.  They  never  go 
completely  on  all-fours,  but  usually  shufSe  along  unsteadily  on 
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their  two  feet,  which  like  those  of  a  baby  show  a  tendency  to 
turn  inwards  under  them;  they  usually  steady  themselves  either 
by  means  of  a  stick  or  by  bending  forward  so  that  their  knuckles 
touch  the  ground.  Four  genera  are  included  in  this  section,  viz. 
Hylobates,  Simla,  Gorilla,  and  Anlkropopilheais.  Hylobates  in- 
cludes several  species  known  as  Gibbons,  inhabiting  South-eastern 
Asia  and  the  Malay  Archipelago.  These  are  apes  with  exceedingly 
long  arms ;  they  assume  a  completely  upright  position  when  on  the 
ground,  and  run  along  holding  up  their  long  arms  in  the  air  as  if 
they  were  balancing  poles.  In  their  power  of  supporting  themselves 
without  any  help  from  the  arms  they  approach  man ;  but  in  other 
respects  they  depart  widely  from  him,  as  for  instance  in  the  brain, 
where  the  cerebellum  is  not  completely  covered  by  the  cerebrum. 
Simla  is  represented  by  a  single  species,  S.  sutynts,  the  Orang- 
utan, a  large  animal  about  4^  feet  high,  which  is  found  in  the 
islands  of  Borneo  and  Sumatra.  This  animal  walks  on  two  feet, 
supporting  itself  on  its  knuckles.  It  lives  however  almost  entirely 
in  trees,  constructing  a  sort  of  nest  for  itself  out  of  branches 
(Fig.  S33).  It  is  remarkable  for  its  high  rounded  cranium  enclosiug 
the  large  brain,  which  presents  the  closest  approximation  to  the 
human  brain  of  all  the  brains  of  apes.  The  cranium  is  however 
still  overshadowed  by  the  boues  of  the  face  and  lower  jaw.  There 
esists  only  a  single  species  of  Gorilla,  viz,  G.  savagei,  confined  to  a 
limited  region  of  Equatorial  Africa.  This  is  the  largest  of  all  the 
apes,  reaching  a  height  of  5J  feet.  It  is  distinguished  from  Simia 
by  its  shorter  arms  and  more  receding  forehead.  The  skull  of  the 
young  gorilla  strikingly  resembles  a  child's  skull,  but  in  the  adult 
it  is  deformed  by  the  development  of  great  bony  ridges  which 
give  attachment  to  the  muscles  of  the  face  (Fig.  331).  Anthropo- 
pitheciis  is  represented  only  by  A.  troglodytes,  the  Chimpanzee, 
which  lives  in  Western  Africa  in  the  same  region  as  the  Gorilla 
but  has  a  wider  distribution.  It  is  distinguished  by  its  shorter 
arms,  which  do  not  reach  below  the  knee,  and  by  its  smoother 
and  rounder  skull.  It  does  not  reach  a  height  of  more  than  5  feet, 
and  is  on  the  whole  the  most  Man-tike  of  all  the  Simiidae,  though 
each  of  the  other  species  of  the  family  approaches  more  closely  to 
the  human  standard  in  some  particular  feature. 

Man  is  distinguished  above  all  by  the  great  size  of  the  brun, 
which  is  double  the  size  of  that  of  the  highest  monkey,  and  by  the 
modification  of  the  leg  so  as  entirely  to  support  the  body,  in 
consequence  of  which  the  big  toe  is  no  longer  used  for  grasping. 


^aovGoOt^lc 


5fi6  MAMMALIA  [CHAP. 

Some  hold  that  it  was  this  latter  modification  which  brought  about 
the  great  developemeat  of  the  intelligence  of  man,  arguing  that 
when  once  the  hand  was  entirely  at  the  service  of  the  brain  the 
varied  uses  to  which  it  could  be  put  would  give  the  opportunity  for 
the  uae  of  the  mind.  This  seems  probable,  but  the  great  factor 
which  has  stimulated  the  mental  developement  of  Man  is  his  habit 
of  living  together  in  societies  and  undertaking  concerted  enterprises 
for  the  benefit  of  the  community.  To  this  power  of  combinatioa 
not  only  intellect  but  also  language  and  morals  may  eventually  be 
traced  back.  Man  did  not  make  society ;  it  was  society  that  made 
Man. 

Men  are  divided  into  three  great  races  which  are  as  distinct 
from  one  another  as  are  many  groups  of  allied  species  amongst 
other  animals.  All  races  of  Men  are  however  mutually  fertile, 
but  a  mixed  race  shows  a  tendency  to  revert  to  one  or  other 
of  the  parent  i-aces  —  this  is  true  at  any  rate  of  mixtures  which 
have  taken  place  within  the  historical  period.  Many  authorities 
explain  th^^^uliarities  of  some  island  populations  on  the  as- 
sumption ,0^^tify  ue  due  to  an  early  crossing  of  two  of  the 
principal  r^es  at  a  time  when  perhaps  their  leading  features  were 
less  fixed  than  they  are  now.  The  three  races  alluded  to  are 
characterised  as  follows:  — 

(i)  tJlotriohi.  Woolly  hair  characterised  by  numerous  close, 
ofteu  interlocking,  spirals,  1-9  mm.  in  diameter.  The  hair  of  the 
bead  is  usually  long  in  the  Melanesians  and  very  short  in  the 
Negritos  and  Bushmen.  It  is  almost  invariably  black.  Ellipsoidal 
iu  transverse  section. 

Ex.  Bushmen,  Negrillos,  Kegiitos,  Negros  and  Bantus,  Papuans 
and  Alelanesians. 

(ii)  Cymotrichi.  Wavy  hair;  undulating,  or  it  may  form  a 
curve  or  imperfect  spiral  from  one  end  to  the  other  (as  iu  the  Indo- 
nesians), sometimes  the  extremity  forms  long  curls  (as  in  some 
Europeans  and  Todas),  iu  another  variety  the  hair  is  rolled  spirally 
to  form  clustering  rings  or  curls  a  centimetre  or  more  in  diameter 
(as  in  Australians,  some  Dravidians  and  Ethiopians).  The  hair  of 
non-European  peoples  is  generally  black,  with  often  a  brownish  or 
reddish  tinge.     Oval  in  transverse  section. 

Ex.  Dravidians,  Australians,  Ethiopians,  Semites,  Mediterra- 
neans, Northern  Europeans,  Indo-Afghans,  Indonesians,  Polyne- 
sians, Armenians,  Central  Europeans. 
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(iii)  Leiotriohi.  Straight  or  smooth  hair.  Lank  hair  that 
usually  falls  straight  dowD,  occasionally  with  a  tendency  to  become 
wavy  (as  in  the  Finns,  some  Amerinds).  It  is  almost  invariably 
black.     Circular  in  transverse  section. 

Ex.  Lapps,  Ugrians,  Turko-Tartars,  Northern  and  Southern 
Mongols,  Korthern,  Central  and  Southern  Amerinds,  Fatagonians, 
Eskimo. 

The  Class  Mammalia  is  divided  as  follows :  — 

Sub^;las3  1,     Prototheria. 

Mammalia  which  lay  large  e^s  aiid  in  which  the  two  oviducts 
are  completely  separated,  and  there  is  a  persistent  cloaca.  Ho 
placenta. 

Ex.     Omithorkynckus,  Echidna. 

Subclass  2.  Metatreria. 
Mammalia  id  which  the  young  are  born  in  a  most  imperfect 
condition,  and  are  carried  by  the  mother  in  a  pouch  on  the 
abdomen.  The  oviducts  are  differentiated  into  vagina,  uterus, 
and  Fallopian  tube,  the  two  vaginae  partially  united.  The  cloaca 
is  divided  into  an  anus  and  a  urino-genital  aperture.  An  allantoic 
placenta  may  or  may  not  be  developed,  but  when  present  is  more 
or  less  vestigial.  lu  all  cases  there  is  an  adhesion  between  the 
yolk-sac  of  the  embryo  and  the  womb. 

Orfer  I.     Polyprotodontia. 

Metatheria  with  four  or  five  incisors  on  each  side  of  the 
upper  jaw  and  with  at  least  three  pairs  of  incisors  in  the  lower 
jaw  of  approximately  equal  size. 
Family  (1)     DiDELPHroAE. 

Polyprotodontia  with  a  large  opposable  great  toe,  the 
other  digits  of  the  hind-foot  being  subequal  in  size. 
American. 

Ex.     Didelphys. 
Family  (2)     Dasyctridae. 

Polyprotodontia  with  a  rudimentary  great  toe,  the  other 
digits  of  the  hind-foot  subequal  in  size.     Australian. 
Ex.     Thylacinua. 
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Family  (3)     Pebamelidab. 

Folyprotodontia   with   a    rudimentary  great  toe,   the 
other  digits  of  the  hind-foot  united  by  a  web  of  skin,  the 
second  and  third  being  excessively  slender:    the  muzzle 
long  and  pointed.     Australian. 
Ex.    Perameles. 
Family  (4)     Notortctidae, 

Polyprotodontia  with   rudimentary  eyes,  an  enlarged 
manus,  and  burrowing  habits.    Australian. 
Ex.     Noloryctes. 

Order  II.     DiprotodoDtia. 

Metatheria  with  not  more  than  three  incisors  on  each  side 
of  the  upper  jaw,  and  with,  as  a  rule,  one  pair  of  large  chisel- 
shaped  incisors  in  the  lower  jaw,  the  other  lower  incisors  being 
vestigial  or  absent. 

Family  (1)     Epanorthidae. 

Diprotodontia  with  all  the  toes  of  the  hind-foot  free 
from  one  another  and  subequa).     American. 
Ex.     Coenolestes. 

Family  (2)     Phascolomyidae. 

Diprotodontia  with  the  toes  of  the  hind-foot  united  by 
a  web  of  skin  :  only  one  pair  of  chisel-shaped  incisors  in 
upper  jaw :  limbs  subequal.     Australian. 

Ex.     Phascolomys. 

Family  (3)     Phalangeridab. 

Diprotodontia  in  which  the  toes  of  the  hind-foot  are 
united  by  a  web  of  skin,  the  great  toe  being  well  developed, 
free  from  the  web,  and  opposable  to  the  rest:  limbs  sub- 
equal:  three  incisors  on  each  side  of  the  upper  jaw, 
Australian  and  Papuan. 

Ex.     Fhalanger. 

Family  (4)     Macropodidae, 

Diprotodontia  iu  which  the  toes  of  the  hind-foot  are 
united  in  a  web  of  skin,  and  the  great  toe  is  rudimentary : 
the  fore-limbs  very  short  and  suited  only  for  grasping: 
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three  incisors  on  each  side  of  the  upper  jaw.     Australian 
and  Papuan. 

Ex.    Maeroptts,  Bettongia,  Petrogaie. 

Sub-class  3.     Eutheria 

Mammalia  in  which  the  young  are  born  able  to  suck,  and  in 
which  there  is  no  pouch.  The  two  vaginae  are  always  completely 
confluent.  The  cloaca  is  divided  into  an  anus  and  a  urino-genital 
aperture.  An  allantoic  placenta  always  present  and  greatly  de- 
veloped. 

Order  I.    Edentata. 

Eutheria  devoid  of  enamel  on  the  teeth,  and  without 
median  teeth ;  the  limbs  are,  as  a  rule,  provided  with  heavy 
hook-like  claws. 

Family  (1)     BRADYFODroAE. 

Limbs  long  and  the  fore-limbs  greatly  longer  than  the 
hind-limbs :  face  short :  arboreal  in  habit.    South  American. 
Ex.     Bradypus. 
Family  (2)     Mvrmecophagidae. 

Limbs  short  and  stout:   muzzle  exceedingly  long:  no 
teeth.     South  American. 
Ex.     Myrmecophagua. 
Family  (3)     Dasvpodidae. 

Limbs  short  and  stout:   muzzle  long  with  numerous 
teeth:  a  shield  of  dermal  bones  covered  by  horny  scales. 
South  American. 
Ex.     Dasyptia. 
Family  (4)     Manidae. 

Covered  externally  with  lai^e,  overlapping  homy  scales : 
no  teeth :  long  protractile  tongue.     Asian  and  African. 
Ex.     Manis. 
Family  (5)     Orycteropidae. 

Covering  of  bristly  hairs:   teeth  numerous  and  heter- 
odont:  no  thumb  on  anterior  limb:   femur  with  a  third 
trochanter.    African. 
Ex.     Oryderopua. 
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Order  II.     Cetaoea. 

Large  aquatic  Eutheria  which  have  lost  the  hind-litnba  and 
have  developed  horizontal  flukes  on  the  tail.  The  fore-limb  is 
a  paddle ;  the  cranium  is  globular  and  the  teats  are  posterior. 
Suborder  1.     Mrstacoceti. 

Cetacea  devoid  of  teeth  in  the  adult :   with  plates  of 
whalebone  in  the  mouth. 

Ex.    Balaena,  Balaenoplera. 
Sub-order  2.     Odontoceti. 

Cetacea  with  teeth  at  any  rate  on  the  lower  jaw  and  no 
whalebone. 

Ex.     Pkyaeter,  Qlobicephalns,  Delphinaplerus,  Pkocaena. 

Order  III.     Sirenia. 

Aquatic  Eutheria,  with  limbs  and  tail  as  in  the  Cetacea: 
the  cranium  is  cylindrical  and  the  teats  pectoral. 
Ex.     Jtianalut,  Halicore. 
Order  IV.     Inseotivora. 

Small   plantigrade   Eutheria,  with  pointed  cusps  on  the 
molar  teeth:   the  brain  of  low  type:  a  flexible  snout  often 
present.     The  more  familiar  families  are 
Family  (1)    Erinaceidab. 

Insectivora  with  the  body  covered  with  harsh  spines, 
limbs  Bubequal. 
Ex.     Erimceus. 
Fauiily  (2)     Soricidae. 

Small  mouse-like  Insectivora,  with  soft  fur. 
Ex.     Sonx,  Blarina. 
Family  (3)     Talpidae, 

Mouse-like  Insectivora  with  rudimentary  eyes,  and  large 
hands  adapted  to  burrowing. 

Ex.     Talpa,  Condylura,  Myogale. 
Order  V.     Camlvora. 

Eutheria  with  sharp  recurved  claws  and  powerful  canine 
teeth :  the  premolars  adapted  for  clipping  flesh :  the  incisors 
small. 


^aovGoOt^lc 


XIX.]  CLASSIFICATION  571 

Sub-order  1.    Piaaipedia. 

Camivora  with  separated  digits :  a  distinct  carnaasial  tooth, 
and  one  oi*  moi^  broad  luolars. 
Family  (1)     Felihak. 

Fissipt^dia  with  short  face,  a  reduced  number  of  premolar 
and  molar  teeth,  and  with  retractile  claws. 
Ex.     Felia. 
Family  (2)     Canidae. 

Fissipedia  with  long  face  and  full  number  of  premolar 
teeth  :  claws  nou- re  tractile. 
Ex.     Canis. 
Family  (3)     Uksidae. 

Fissipedia  with  long  face:  teeth  blunt  and  partially 
adapted  for  a  vegetable  diet:  plantigrade  in  gait. 
Ex.      Urms. 
Family  (4)     Phocvcsidae. 

Fissipedia  with  a  sharp-pointed  muzzle  and  reduced 
number  of  teeth,  otherwise  like  Ur/tun. 
■'  Ex,     Procyon. 
Family  (o)     Mustrlidae. 

Fissipedia  with  long  necks  and  exceedingly  flexible 
bodies :  a  reduced  number  of  teeth :  in  the  skull  and  in  the 
shape  of  the  carnassial  tooth  they  resemble  Ui'sidae,  but 
they  are  digitigrade  in  gait. 

Ex.     Lutra,  Mdes,  Muatelua,  Mephitis. 
Sub-order  2.    Pinnipedia. 

Aquatic  Carnivora  with  the  toes  united  by  a  web  of  skin : 
the  tail  is  rudimentary,  but  the  two  hind-limbs  are  turned 
backwards  and  closely  apposed  so  as  to  form  a  paddle;  no 
distinct  carnassial  tooth,  and  no  broad  molars- 
Family  (1)    Otariidae. 

Pinnipedia  still  retaining  a  trace  of  the  external  ear, 
and  capable  of  turning  the  hinder-limbs  forward  so  as  to 
walk  on  land. 
Ex.     Otaria. 
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Family  (2)    Trichechidae. 

Pinnipedia   devoid    of   external   ear,   but  capable   of 
walking  on  land ;  the  upper  canines  form  loDg  tusks. 
Ex.     TVicAec/iMS. 
Family  (3)     Fhocidae. 

Pinnipedia  devoid  of  external  ear,  and  incapable  of 
turning  the  feet  forward,  so  that  when  on  laud  they  can 
only  wriggle  along  with  the  help  of  their  anterior  limbs: 
the  canines  not  specially  enlarged. 
Ex.     Phoca. 
Order  VI.     Ungulata. 

Eutheria  with  limbs  adapted  entirely  for  progression,  the 
terminal  phalanx  of  each  functional  digit  is  enclosed  in  a  short 
blunt  nail. 

Sub-order  1.     8ub-UDsulata. 

Ungulata  with  short  subequal  toes,  and  with  the  bones  of 
the  carpus  and  tarsus  ananged  iu  parallel  longitudinal  series. 
Family  (1)     Hykacidae. 

Small  Sub-ungulata  with  a  very  short  snout:  a  pair  of 
chisel-like  incisors  in  each  jaw. 
Ex.     H'lrax  (Procavia). 
Family  (2)    Proboscidbae. 

Large  Sub-ungulata  with  a  very  long  flexible  snout 
(trunk)  used  for  prehension :  incisors  long  and  curved, 
forming  tusks ;  molars  very  broad,  only  one  pair  in  use  at 
a  time. 

Ex.    Elepkas. 
Sub-order  2.     Ungulata  vera. 

Ungulata  in  which  the  bones  of  the  carpus  and  tarsus  are 
arranged  in  transverse  rows,  the  members  of  successive  rows 
alternating  with  one  another.     The  first  digit  is  lost. 

Division  I.     Perissodactyla 

Ungulata  in  which  there  is,  with  rare  exceptions,  an  un- 
even number  of  digits  in  each  limb,  and  in  which  the  axis  of 
symmetry  passes  through  the  third  digit. 
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Family  (1)     Tapiridae. 

Perissodactyla  with  four  di^ts  in  the  fore-limb  and  three 
in  the  hiud-limbr  a  short  flexible  anout. 
Ex.     Tapirua. 

IWaily  (2)    Rhijjocebotidak 

Perissodactyla  with  three  subequal  digits  in  each  limb: 
one  or  two  median  homa  without  Imnj  cores  carried  on  the 
nasal  bones. 

Ex.     Rhinoceros. 

Family  (3)     Equidae. 

Perissodactyla  with  only  one  complete  digit  in  both 
fore-  and  hind-limbs. 
Ex.    Equus. 

Division  II.     Artiodacttla 

TJngulata  in  which  there  is  almost  always  an  even  number 
of  digits,  and  in  which  the  axis  of  symmetry  passes  between 
the  third  and  fourth  digits,  these  digits  being  flattened  against 
each  other  so  as  to  forui  two  symmetrica!  halves  of  a  cyhuder. 

Section  A.     Bunodontla. 

Artiodactyla  with  comiiaratively  simple  stomachs,  and 
separate  cusps  on  the  molar  teeth. 

Family  (1)    Hippopotamidae. 

Large  Bunodontia  with  four  subequal  toes  in  both  fore- 
and  hind-limbs. 

Ex.     Uippopotamua. 

Family  (2)     Suidae. 

Bunodontia  of  moderate  size,  in  which  the  two  outer 
toes  though  complete  are  shorter  than  the  others. 
Ex.     Sus,  Babh-usa,  Dicotylea. 

Section  B.    Selenodontia. 

Artiodactyla  with  complex  stomachs  adapted  for  ruminating. 
The  cusps  on  the  molars  coalesce  so  as  to  form  crescents. 
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Family  (1)    Traculiuae. 

Small  SeleDodoDtia  without  tioros,  and  iritb  only  three 
com  parting  Dta  in  the  stomach:  the  outer  toes  although 
excessively  slender  are  still  complete. 

Ex.     Tiagulu». 
Family  (2)     Camklidae. 

Selenodoiitia  without  horns,  with  only  three  compart- 
ments in  the  stomach :  the  outer  toes  entirely  absent,  the 
inner  toes  slightly  divet^ing  below,  tlie  weight  resting  on 
a  pad  behind  them. 

Ex.     Cumelus,  Auchenia. 
Family  (3)     Cervidak. 

Selenodontia  with  antlers  in  the  form  of  bony  outgrowths 
of  the  frontal  bone  annually  shed:  four  compartments  in  the 
stomach :  the  second  and  fifth  digits  incomplete. 

Ex.     Cefvus,  Cariactis,  Caiireolua,  Rangijer,  Alcea. 
Family  (4)     Bovidae. 

Selenodontia  with  horns  which  are  outgrowths  of  the 
frontal,  never  shed,  and  covered  with  a  thick  horny  sheath : 
four  compartments  in  the  stomach  :  the  second  and  fifth  toes 
nidimoiilary. 

Ex.     Boa,  Ovi»,  Oviboa,  Haploceroa. 
Family  (5)     Giraffii>ae. 

Selenodontia  with  short  horns  which  are  outgrowths  of 
the  frontal,  never  shed,  and  permanently  covered  with  soft 
fur :  immensely  elongated  neck  and  very  long  limbs. 

Ex.     Giraffa. 
Family  (fi)     Antilocapbidae, 

Selenodontia  with  branched  horns  which  are  outgrowths 
of  the  frontal  covered  with  a  horny  Sheath.  This  sheath  is 
annually  shed. 

Ex.    Aniiloca}yra. 

Order  VII.     Rodentia. 

Eutheria  with  one  large  pair  of  chisel-shaped  incisors  in 
each  jaw  growing  throughout  life,  and  no  canines.  The 
Rodentia  walk  on  the  whole  surface  of  the  last  joint  of  the 
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digit,  not  on  the  extreme  tip  as  do  the  TJngulata:  the  nails  are 
hlunt  but  not  usually  hoof-like. 
Sub-order  1,     Duplicidentata. 

Kodentia  in  which  there  is  a  second  pair  of  rudimentary 
incisors  in  the  upper  jaw. 

Ex.    Leptts. 
Sub-order  2.     Simpllcidentata. 

Rodentia  in  which  there  ia  only  one  pair  of  incisors  in  the 
npper  jaw. 

Ex.  Sciunts,  Tamias,  Mua,  Fiber,  Aroict^  Mumardinua, 
Castor,  Erethizon,  Hyslrix,  Cavia. 

Order  VIII.     Cheiroptera. 

Eutheiia  in  which  the  fore-limb  is  converted  into  a  wing, 

the  hand  being  greatly  enlarged,  and  the  fingers  elongated  in 
order  to  support  the  wing-membrane,  the  leg  small,  and  the 
knee-joint  rotated  backwards :  teeth  and  brain  resembling 
those  of  the  Insectivora. 

Ex.     Ve^eiiilio,  Vespenigo,  Rkinolophua,  Xantkarpyia. 
Order  IX,     Primates. 

Eutheria  with  long  limbs,  the  brachium  and  femur  not  being 
buried  in  the  body:  five  digits  in  each  limb,  some  of  them 
having  flat  nails :  the  great  toe  or  thumb  or  both  are  opposable 
to  the  other  digits.  The  orbits  are  rotated  on  to  the  anterior 
aspect  of  the  skull  and  are  completely  surrounded  by  bone: 
the  brain  is  larga 

Sub-order  1.     Lemuroidea. 

Primates  in  which  the  orbit  is  merely  surrounded  by  a  bony 
ring :  front  teeth  separated  by  a  space  in  the  middle  line. 

Ex.    Lemur. 
Sub-order  2.     Anthropoidea. 

Primates  in  which  the  orbit  is  completely  separated  from 
the  temporal  fossa  by  an  inwardly  projecting  sheet  of  bone : 
front  teeth  in  contact  in  the  middle  line. 
Section  (1)     Platyrrhini. 

Anthropoidea  with  a  broad  intemasal  septum,  three  pairs 
of  premolar  teeth,  and  a  simple  tympanic  bone :  the  great  toe 
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opposable  to  the  other  toes :  the  thumb  imperfectly  or  not  at 
all  opposable  to  the  other  fingers. 

Family  (1)     Hafalidae. 

Small  thickly  furred  Platyrrhini  with  a  flat  ncul  on  the 
great  toe  only,  claws  on  all  the  other  digits:  two  molar 
teeth  on  each  side. 

Ex.     Hapale,  Midas. 
Family  (2)     Cebidae. 

Platyrrhini  with  flat  nails  on  all  toes  and  three  molar 
teeth  on  each  side. 
Ex.     Ateles,  Cebus. 

Section  (2)    Oatarrhiai. 

Anthropoidea  with  a  narrow  intemasal  septum,  two  pairs 
of  premolar  teeth  and  three  pairs  of  molars  in  each  jaw. 
The  tympanic  bone  has  a  tube-like  prolongation.  The  great 
toe  is  opposable  to  the  other  toes,  the  thumb  imperfectly  op- 
posable to  the  other  fingers. 
Family  (1)    Cercopithecidae. 

Catarrhiui  with  arms  not  longer  than  their  legs :  bare 
patches  on  the  buttocks,  and  with  rare  exceptions,  a  well- 
developed  tail. 

Ex.     JUacaoia,  Semnopitliecua. 
Family  (2)     Simiidae. 

Catarrhini  with  arms  much  longer  than  legs  and  a 
semi-erect  gait:  no  tail. 

Ex.     Oorilla,  Hylobatea,  Simia,  AnlkropopUheaia. 

Section  (3)     Hominidae. 

Anthropoidea  with  arms  of  moderate  length  and  long  legs: 
the  foot  entirely  adapted  to  support  the  body,  the  great  toe 
not  opposable  to  the  other  toes :  the  thumb  completely  oppos- 
able to  the  other  fingers:  the  upright  attitude  habitual:  no  tail: 
brain  very  lar^. 
£x.    Soma. 
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Phylum  Platvhelminthes 

From  the  Earthworm  up  to  Man  we  have  been  considering 
animals  which  either  in  the  emhryo  or  in  the  adult 
exhihit  the  coelom  iu  a  characteristic  and  unmistake* 
able  form.  Such  a  apace  is  even  indicated  in  the  Actinozoa,  where 
the  endoderm  lining  the  lateral  compartments  of  the  coelenteron 
gives  rise  to  the  muscular  bands  and  the  generative  organs,  and 
performs  the  excretory  functions,  and  is  probably  the  homologue 
of  the  mesoderm  of  higher  forms.  If  this  ha  so  the  space  in  the 
Actinozoa  surrounded  by  this  "endoderm"  is  equivalent  to  a 
coelom,  but  one  not  yet  shut  off  from  the  digestive  tube. 

Thus  from  the  Goelenterata  to  Man  we  have  traced  a  series  of 
organisms  all  of  which  possess  in  some  form  or  other  this  particular 
organ.  Since  Vertebrates  include  the  most  highly  organised  animals 
at  present  living  on  the  earth,  we  have  placed  them  last  in  the  series 
of  Coelomata,  but  this  must  not  lje  taken  to  indicate  that  there  is  any 
kind  of  progression  through  all  the  series  of  lower  animals  up  t« 
man.  The  vertebrate  ancestor  of  man  probably  separated  whilst 
still  of  exceedingly  simple  structure  from  the  ancestors  of  other 
animals,  and  there  has  been  independent  progress  along  many  dif- 
ferent lines,  culminating  for  instance  in  an  Insect,  a  Cuttlefish,  and 
a  Sea-urchin. 

Leaving  now  the  Coelomata  we  must  consider  a  few  phyla  which 
we  cannot  definitely  assert  to  be  Coelomata.  All  of  these  groups 
possess  between  the  ectoderm  and  endoderm  a  mass  of  various  tis- 
sues, muscular,  connective,  excretory,  and  generative,  hollowed  out 
by  spaces  or  traversed  by  systems  of  tubes;  but  it  has  not  yet 
been  shown  in  the  case  of  any  one  of  them  that  this  mass  of  tis- 
sues has  had  in  the  embryo  the  form  of  sacs  lying  at  the  sides  of 
the  alimentary  canal  from  the  walls  of  which  the  said  tissues  have 
been  differentiated. 
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In  the  case  of  some  of  the  following  phyla  it  is  reasonable  to 
expect  that  fuller  knowledge  wilt  show  that  they  are  coelomate, 
but  at  present  this  has  not  been  definitely  proved,  and  thus  it 
seems  more  logical  to  consider  them  apart  from  the  organisms 
which  undoubtedly  possess  acoelom. 

The  phyla  that  follow  are  all  Metazoa,  and  since  they  possess 
no  notocbord  are  Invertebrates. 

The  Platyhelminthes  consist  of  three  large  classes,  (i)  Turbel- 
LARiA,  (ii)  Trematodes,  and  (iii)  Cestoda.  These  three  groups 
contain  animals  which  are  bilaterally  symmetrical,  each  half  of  the 
body  being  a  reflex  of  the  other.  The  alimentary  canal  may  be 
entirely  lost,  but  when  present  it  has  only  one  aperture,  which 
serves  both  as  mouth  and  anus,  as  in  the  case  of  the  Coelenterata. 
A  separate  anus  is  never  found,  and  there  is  no  evidence  from  the 
study  of  developement  that  the  ancestors  of  Platyhelminthes  ever 
possessed  such  an  opening  to  the  alimentary  canal  The  alimen- 
tary cavity  is  practically  the  only  cavity  in  the  animal,  as  there  is 
no  space  between  the  skin  and  the  intestine  which  could  be  com- 
pared to  the  body  cavity  of  other  animals,  and  except  for  the  narrow 
cavities  of  the  excretory  system  and  the  genital  diicta  the  bodies 
of  these  animals  are  solid.  The  excretory  system,  often  termed  the 
water- vascular  system,  the  function  of  which  is  the  ridding  the 
body  of  the  waste  nitrogenous  materials  which,  as  explained  before, 
result  from  the  catabolism  of  living  protoplasm,  is  in  its  structure 
eminently  characteristic  of  the  Phylum.  It  consists  of  a  series  of 
narrow  tubules  permeating  the  body  in  every  direction;  these  on 
the  one  hand  communicate  with  larger  tubes  which  open  on  to  the 
surface  of  the  body,  and  on  the  other  receive  a  large  number  of  still 
smaller  tubules  each  of  which  ends  in  a  cell  with  a  single  cilium 
hanging  into  the  end  of  the  tubule.  The  constant  flickering  of 
this  cilium  is  thought  to  keep  the  fluid  contents  of  the  tubule  in 
motion.  Such  a  cell  is  termed  a  flame-cell  from  the  fancied 
resemblance  of  the  motion  of  the  cilium  to  the  flickering  of  a 
flame.  The  Platyhelminthes  usually  contain  both  male  and  female 
reproductive  organs  in  the  same  animal,  and  it  is  characteristic  of 
them  to  have  a  special  portion  of  the  ovary  called  the  yolk- 
gland  or  vitellariura,  set  apart  to  produce  small  yolk-filled 
cells,  which  serve  as  food  for  the  perfect  ova  during  the  early 
st^es  of  developement. 
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Class  I.      TURBELLARIA 

The  Turbellaria  are  free-living  animals,  and  as  a  rule  swim  about 
in  the  sea  or  in  fresh-water  ponds  or  streams.  A  few,  however,  have 
taken  to  living  amongst  moist  earth,  and  some  species,  e.g.  Bipalium 
kewenae,  are  occasionally  met  with  in  hotrhouses  all  over  the  world, 
being  probably  imported  with  the  roots  of  some  tropical  orchid  or 
fern.     Other  species  of  land  Turbellaria  are  common  in  the  Tropics. 

Turbellaria  are  all  very  soft  animals  and  capable  of  considerable 
change  of  outline.  In  their  native  habitat  they  are  not  easy  to  see, 
many  of  them  having  colours  which  imitate  the  seaweeds,  etc., 
amongst  which  they  live,  and  many  only  appear  at  night  from  their 
hiding-places.  If,  however,  a  bunch  of  red  seaweed  be  shaken  out 
in  some  clean  sea-water  in  a  white  china  dish,  as  a  rule  many  of 
these  animals  can  be  seen  swimming  with  an  undulating  motion 
like  a  Sole  or  clinging  to  the  sides  of  the  dish. 

One  of  the  commonest  species  in  the  fresh-water  ponds  of  Gi-eat 
Britain  is  Mesostoma  ehrenbergii,  a  flat  leaf-ljke  organism,  perhaps 
half  an  inch  long,  the  transparency  of  whose  tissues  permits  at 
times  the  examination  of  some  of  the  internal  organs.  The  whole 
of  the  outer  layer  of  cells  ^  the  ectoderm  — bears  innumerable  cilia, 
by  who.se  action  the  animal  glides  slowly  along  when  it  does  not 
swim  by  the  undulations  of  its  whole  body.  Within  this  ectoderm 
are  certain  circular  and  longitudinal  muscle-fibres,  and  these 
surround  a  mass  of  cells  called  the  parenchyma.  This  consists 
of  cells  of  a  stellate  shape,  united  with  one  another  by  their  out- 
growths, the  interstices  between  the  cells  being  filled  by  a  semi-fluid 
jelly-like  substance.  The  parenchyma  may  be  regarded  as  a  primi- 
tive form  of  connective-tissue  in  which  the  nervous  system,  alimen- 
tary canal,  and  excretory  and  reproductive  systems  are  embedded. 

The  ectoderm  cells  secrete  a  great  deal  of  mucus,  mingled  with 
which  are  a  number  of  little  rod-like  bodies  called  rbabdites. 
The  exact  use  of  these  is  not  clearly  known ;  in  their  formation, 
they  recall  the  nematocysts  of  the  Coelenterata.  Like  the  nemato- 
eysts  they  are  extruded  on  irritation.  The  mucus  forms  a  bed 
over  which  the  animal  moves  and  in  which  the  cilia  work,  so  as  to 
propel  the  animal. 

The  mouth  of  the  Meaoatoma  is,  as  its  name  indicates,  near  the 
centre  of  the  body,  on  the  ventral  surface.  It  leads  at  once  into  a 
pharynx  with  very  muscular  walls  which  can  act  like  a  sucker. 
This  pharynx  can  be  withdrawn  into  the  body  or  pushed  a  little 
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1.   Brain,  showing  two  eyeB.      2.   Pbaryu  surrounding  the  mouth.      3.   Food 
vacuole  Id  an  endoderm  cell.  4.   Ectoderm.  5.  Testis  lying  abore 

alimentary  canal,  showing  developing  spennatozoa.  6.  Muscle  fibres. 

7.  Genital  atrium.  8.  Glands  of  the  genital  alrinm.  9.  Penis. 

]0,  Shell-glands  surrounding  the  spermalbeca,  11.  GennariDm. 


12.   Vitellarinm. 
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iray  out  of  the  mouth.  The  chamber  in  which  it  lies,  and  which 
gives  it  room  to  play  in  and  out,  ia  an  ectodermal  pouch  called  the 
pharynz-sheath.  This  is  small  in  Mesostcnna,  but  in  other  Tur- 
bellarians  it  may  be  much  larger,  and  the  pharynx  is  consequeotly 
capable  of  stretching  out  a  long  distance.  This  is  the  case,  for 
instance,  with  the  fresh-water  genus  Planaria  (Fig.  335). 

Certain  glands,  called  salivary  glauds,  open  into  the  cavity  of 
the  alimentary  canal  at  the  iuner  end  of  the  pharynx,  and  then  the 
cavity  enlarges  into  the  stomach,  which  is  a  sac-like  structure,  with 
no  other  opening  than  the  mouth,  lying  in  the  centre  of  the  body. 
The  cells  lining  this  cavity  are,  like  the  endoderm  cells  of  Hydra, 
amoeboid,  and  they  take  up  particles  of  food  into  themselves  in  the 
same  way  that  an  Amoeba  does.  This  primitive  form  of  digestion 
has  been  lost  in  most  of  the  Goelomata,  where  the  digestive  cells 
pour  out  solvent  fiuids  into  the  cavity  of  the  alimentary  canal,  and 
the  food  is  rendered  soluble  in  this  cavity  before  being  absorbed. 
In  the  Turbellaria,  as  in  the  Coelenterata,  this  secondary  method 
of  digestion  co-exists  with  the  amoeboid  method. 

Afeaostoma  is  carnivorous  and  eats  small  worms,  minute  Crus- 
tacea, and  insect  larvae.  It  uses  its  mucus  to  ensnare  and  entangle 
its  prey.  Its  method  of  devouring  them  recalls  the  habits  of  the 
starfish.  It  holds  them  fast  by  means  of  the  pharynx,  using  this 
as  a  sucker.  The  so^alled  salivary  glands  secrete  a  strong  di- 
gestive ferment  which  rapidly  dissolves  the  flesh  of  the  victim, 
reducing  it  partly  to  a  Quid  condition  and  partly  to  a  disintegrated 
mass  of  particles.  There  is  no  vascular  system  to  distribute  the 
digested  food  to  the  different  parts  of  the  body,  so  that  these 
products  must  be  passed  from  cell  to  cell  through  the  solid  body 
until  they  arrive  where  they  are  needed.  The  undigested  parts  are 
passed  out  through  the  month. 

The  two  main  ducts  of  the  excretory  or  water- vascular  system 
open  near  the  sides  of  the  mouth,  eaeh  then  passes  upwards  towards 
the  dorsal  surface  and  divides  into  two  longitudinal  vessels,  one 
running  towards  the  head,  the  other  towards  the  tail.  These  four 
longitudinal  branches  give  off  innumerable  finer  ones,  which  sub- 
divide until  each  branchlet  ends  in  a  flame-cell.  These  latter  are 
very  minute  and  require  a  high  power  of  the  microscope  and  very 
careful  focussing  to  see. 

The  nervous  system  consists  of  a  large  ganglion  called  the  bmn, 
divided  by  a  shallow  depression  into  two  lobes.  It  is  situated  in 
front  of  the  mouth  near  the  anterior  end  of  the  animal,  embedded 
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in  the  parenchyma.  It  gives  otf  a  pair  of  nerves  which  run  forward 
to  the  tip  of  the  body,  and  another  pair  of  rather  stout  nerves 
which  run  back,  one  on  each  side  of  the  pharynx,  to  the  tail.  The 
nerves  give  o£E  fine  branches  which  are  distributed  all  over  the 
body.  A  pair  of  eyes  of  a  simple  structure  lie  on  the  upper  surface 
of  the  brain. 

The  male  organs  consist  of  two  long  aac-Iike  testes  which  lie 
above  the  alimentary  canal  and  are  directly  continuous  with  their 
short  ducts,  the  vasa  deferentia.  These  ducts  unite  to  form  the 
muscular  penis  which  communicates  with  the  genital  atrium  through 
which  it  can  be  protruded.  The  proximal  portion  of  the  penig  is 
swollen  up  to  form  a  bulb  called  the  vesicula  seminalis,  in  which 
the  spermatozoa  are  stored  up  before  being  transferred  to  another 
individual.  The  female  organs  consist  of  a  large  ovary  on  each  side, 
divided  by  constrictions  into  numerous  lobes ;  these  are  not  well 
marked  in  the  species  represented  in  Fig.  334.  The  whole  o£  one 
ovary  and  the  greater  part  of  the  other  produce  only  yolk-cells,  and 
are  therefore  to  be  regarded  as  yolk-glands  or  vitellaria.  The 
basal  lobe  however  of  one  of  the  ovaries  (U,  Fig.  334)  produces  ova 
capable  of  developement;  this  is  the  ovary  (sensu  stricto)  or  germ- 
arium.  The  two  oviducts,  or  as  they  are  generally  styled,  the 
vitellarian  ducts,  are  directly  continuous  with  the  yolk-glands  and 
lead  directly  into  the  genital  atrium.  Near  their  common  opening 
a  thick  muscular  pouch  opens  into  the  atrium.  This  is  the  s  per  ma- 
th eca  which  receives  the  spermatozoa  from  another  individual,  and 
emits  them  on  to  the  ova  as  they  pass  its  opening.  Around  the 
spermatheca  are  certain  glands  called  the  shell-glands,  which 
also  open  into  the  atrium.  The  secretion  of  these  glands  forms  the 
egg-cases  in  which  one  egg  and  many  yolk-cells  are  enclosed.  As 
the  egg-cases  are  formed  they  pass  into  two  great  sac-like  diver- 
ticula of  the  atrium,  one  situated  on  each  side  of  the  body,  called 
the  uteri.  In  these  they  are  carried  about  by  the  animal  for  some 
time,  but  are  eventually  laid,  and  become  attached  to  water-plants 
by  the  stickiness  of  their  outside  layer.  There  are  two  kinds  of 
these  egg-cases  in  Mtaoatoma,  one  thin-walled,  called  "summer 
eggs,"  and  the  other  thick -walled,  called  "  winter  eggs."  The  former 
are  believed  to  contain  ova  fertilised  by  the  spermatozoa  of  the  same 
individual;  these  develope  rapidly,  devouring  the  surrounding  yollt- 
cells  and  the  resulting  young  hatch  out  in  April  and  May.  These 
when  they  arrive  at  maturity  cross- fertilise  one  another,  and  as  a 
result  the  thick-walled  capsules  termed  "winter  eggs"  are  produced, 
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which  lie  dormant  during  the  winter,  whilst  the  parent  turns  opaque, 
sinks  to  the  bottom  of  the  water  and  dies.  In  the  spring  young  are 
hatched  from  the  winter  eggs,  which  produce  when  mature  summer 
eggs,  and  in  some  cases  are  supposed  after  laying  these  to  live  on 
and  pi-oduce  the  winter  eggs  of  the  neitt  season ;  but  in  this  respect 
the  various  species  probably  differ  from  one  another. 

The  Turbellaria  are  a  large  group,  and  fall  naturally  into  two 
main  divisions,  viz.  the  Bhabdocoelida,  with  a  rod-like  gut  (Gr. 
fidpSoi,  a  staff),  and  tlie  Dendrocoelida,  with  a  branched  one 
(Gr.  Si'vSpov,  a  tree).  Each  of  these  divisions  is  again  subdivided ; 
thus  the  order  Ehabdocoelida  includes  the  aub-oiders  ACOF.la, 
ALLOIOCOELA.  and  RhabdOCOELA,  whilst  the  Dendrocoelida  are 
divided  into  POLYCLADA  and  TriclaDA. 

To  turn  first  to  the  divisions  of  the  Bhabdocoelida,  the  sub- 
order ACOELA  includes  extraordinary  forma  in  which  there  is  no 
digestive  cavity  j  the  alimentary  canal  is  represented  by  a  porous 
mass  of  endoderm  cells,  amongst  the  interstices  of  which  the 
digested  food  soaks.  The  endoderm  completely  fills  the  space 
surrounded  by  the  ectoderm  and  muscle  layers;  there  is  no 
parenchyma.  In  almost  every  case  there  is  a  muscular  pharynx 
by  which  the  animal  adheres  to  its  prey,  and  through  which  a 
pseudopodium-like  mass  of  endoderm  is  protruded.  This  protru- 
sion secretes  a  solvent  which  disintegrates  the  victim,  and  it  then 
engulfs  the  product  after  the  manner  of  an  Amoeba.  In  some 
cases,  however  (Convolala),  the  endoderm  is  infested  with  small 
green  Algae,  and  the  animal  lives  largely  on  the  compounds  formed 
by  these,  needing  only  a  scanty  diet  of  Protozoa  and  Diatoms  to 
supplement  its  internal  provision. 

The  genital  organs  are  simple;  the  ovary  is  not  divided  into 
vitellarium  and  gerniariiun  and  no  yolk-cells  are  produced.  It  has 
been  suggested  that  the  Acoela  are  the  most  primitive  of  all  the 
phylum,  and  that  they  have  been  directly  derived  from  large 
multinucleate  Protozoa,  but  their  developemeiit  makes  it  possible 
that  their  peculiarities  are  due  to  degeneracy. 

The  ALLOIOCOELA  have  a  parenchyma  and  a  hollow  alimentary 
canal  which  has  slightly  develoi>ed  lateral  lobes.  The  testes  are 
represented  by  scattered  masses  of  cells  without  distinct  ducts; 
and  the  spermatozoa  apparently  find  their  way  to  the  main  vasa 
deferentia  by  passing  through  the  interstices  of  the  parenchyma. 
The  germaria  are  two  in  number  and  have  long  duets  opening  into 
the  genital  atrium  distinct  from  those  of  the  vjtellaria. 
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The  Rhabdocoela  are  the  most  highly  developed  forms  of  the 
Rhabdocoelida;  their  alimentary  canal  is  cylindrical  and  surrouDded 
by  a  mass  of  extremely  watery  parenchyma  which  simulates  a  body 
cavity.  The  arrangement  of  the  genital  organs  has  been  described 
above. 

The  first  division  of  the  Dendrocoelida,  the  Triclada  (Gr. 
rfH-,  triple,  kXoUkk,  a  branch),  derive  their  name  from  the  circum- 
stance that  there  are  three  main  branches  of  the  alimentary  canal, 
one  in  the  middle  line  running  forward  from  the  inner  end  of  the 
pharynx,  and  one  running  backwards  at  each  side  of  the  pharynx. 
There  is  a  pair  of  germaria  formed  from  the  most  anterior  branches 
of  the  great  lobed  ovaries ;  they  discharge  into  the  same  ducts  as 
the  vitellaria.  The  uterus  is  an  unpaired  sac.  The  group  includes 
marine,  freshwater,  and  terrestrial  forms.  Plannria  (Detidrocoelum) 
is  a  common  form  in  the  streams  of  both  Britain  and  Canada. 


Fio.  33S.     Flanaria  polyek'. 


1.    Eye.      2.    Ciliated  slit  at  side  of  head.      3.   Mouth  of  proboseis.      4.   Out- 
line of  the  pharynx  sheath  ialo  which  the  pharynx  can  be  wittadrawn. 

6.   Reproductive  pore. 

The  POLYCLADA  are  a  marine  group  and  are  thought  by  some 
authorities  to  be  the  most  primitive  of  all  Turbellaria.  Their 
name  is  suggested  by  the  fact  that  the  alimentary  canal  consists  of 
many  branches  radiating  from  a  central  stomach  into  which  the 
large  pharynx  opens.  Tlie  ovary  is  a  lobed  organ  not  divided  into 
vitellarium  and  germarium.  The  eggs  are  laid  in  plate-like  masses 
bound  together  by  slime.  They  develope  into  free-swimming  young 
known  as  MulJer's  larvae.  These  are  little  oval  organisms  provided 
with  a  ciliated  band  drawn  out  into  eight  longitudinal  loops,  and 
on  these  the  cilia  are  arranged  in  transverse  rows  fused  at  the  base 
so  aa  to  resemble  the  combs  of  the  Ctenophora.  The  resemblance 
of  these  ciliated  loops  to  the  "ribs"  of  the  Ctenophora  suggested 
to  Lang  the  idea  that  Turbellaria  were  Ctenophora  which  had 
become  adapted  to  a  creeping  life,  in  which  a  marked  bilateral 
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symmetiy  bad  replaced  the  generally  radial  arrangement  of  the 
organs  of  the  normal  Ctenophora,  though  traces  of  the  latter 
arrangement  remain  Jn  the  Polyclada.  The  brain  on  this  view 
would  be  the  apical  plate  which  had  %hifted  forward ;  the  stomach 
with  its  radiating  branches  would  correspond  to  the  funnel  of  the 
Ctenophora  and  the  canals  in  connection  therewith;  the  pharynx- 
sheath  would  represent  the  stomodaeum,  the  so-called  '*  stomach  " 
of  the  Ctenophora;  but  the  eversible  pharynx,  the  copulatory 
organ,  and  above  all  the  excretory  system,  must  be  regarded  as  new 
acquisitions.  This  view,  which  at  first  was  not  received  with  much 
favour,  has  received  strong  support  by  the  investigation  of  a  marine 
organism  known  as  Ctenoplana.  This  is  a  flattened  animal  re- 
sembling a  polyclade  in  shape  and  in  the  circumstance  that  the 
ventral  surface  is  covered  with  cilia  with  which  it  creeps.  It 
possesses,  however,  an  apical  plate  of  thickened  nervous  ectoderm 
supporting  a  mass  of  otoliths  on  bars  of  fused  cilia,  and  there  are 
eight  short  "ribs"  radiating  from  this  plate.  These  ribs  as  in 
Ctenophora  are  thickened  bands  of  ectoderm  bearing  combs  of  cilia 
fused  at  the  base.  The  funnel  and  its  canals  are  represented  by  a 
lobed  alimentary  canal,  continued  on  each  side  into  a  tentacle 
canal,  from  the  end  of  which  springs  a  long  retractile  tentacle. 
The  genital  organs  have  their  independent  ducts  opening  directly 
to  the  exterior.  In  all  these  respects  therefore  CtenojAana  is  inter- 
mediate between  the  Polyclada  and  the  Ctenophora.  If  we  accept 
Lang's  theory  it  is  evident  that  on  this  view  the  Platyhelniinthes 
are  not  true  Coelomata.  The  evolution  of  the  more  complicated 
systems  of  genital  organs  amongst  the  Turbellaria  out  of  the  simpler 
arrangement  in  the  Polytlada,  has  probably  been  the  result  of 
laying  the  eggs  in  numi>ers  surrounded  by  a  capsule.  This  led  to 
a  struggle  amongst  the  eggs,  resulting  in  tiie  sacrifice  of  the  smaller 
to  the  needs  of  the  larger  ova,  and  this  to  the  production  of  weak 
ova  to  serve  as  food  for  the  others,  and  to  the  differentiation  of  the 
ovary  into  germarium  and  vitetlarium. 

Class  II.    Tkematoda 

The  remaining  two  groups  of  Platyhelminthes  have  taken  to  a 
parasitic  mode  of  life,  and  this  has  to  a  great  extent  influenced 
their  organisation.  The  term  parasite  is  applied  to  an  animal 
which  lives  at  the  expense  of  another  without  destroying  its  life. 
The  Trematodes  have  lost  the  external  ciliation  of  the  skin,  the 
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.  Mouth.  2.  Pharynx.  3.  Nerve-ring.  4.  Chief  longitudinal  uene. 
5.  Beginning  of  alimentary  canal.  0.  Opening  of  penis.  7.  Vesicnla 
seminaliB.  8.  Uterus.  9.  Ovary.  10.  Sliell-gland.  11,  AnWrior 
testis.        12.  Posterior  testis.        13.  Yolk-glandB.        14.  Vas  deferens. 
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ectoderm  being  everywhere  covered  with  cuticle.  In  other  features 
of  their  anatoroy  they  present  a  great  resemblance  to  the  Triclade 
Turbellaria,  and  one  family  the  Temnocei-halidae  may  be  described 
as  intermediate  between  the  two  classea  of  Platyhelminthea,  since 
its  members  still  retain  patches  of  ciliated  skin.  For  the  most  part 
they  live  on  or  in  the  bodies  of  Vevtebrates,  attaching  themselves 
either  to  the  skin  or  to  the  alimentary  canal  or  its  outgrowths. 

One  of  the  most  characteristic  features  of  Trematoda  is  to  be 
found  in  the  suckers  by  which  they  adhere  to  their  prey.  Often 
indeed  the  lips  of  the  mouth  are  thickened  and  muscular  so  as  to 
constitute  an  oral  srieker,  but  there  is  always  a  ventral  adhesive 
disc  provided  with  suckers  or  hooks  or  both.  The  mouth  is 
situated  at  or  near  the  anterior  end  of  the  body ;  it  leads  into  an 
oral  funnel  opening  into  a  muscular  pharynx,  which  by  alternate 
expansion  and  contraction  pumps  in  the  juices  of  the  prey.  Its 
action  is  thus  different  from  that  of  the  pharynx  of  Turbellana, 
which,  as  we  have  seen,  can  act  as  a  protrusible  sucker.  Behind 
the  pharynx  the  alimentary  canal  divides  into  two  parallel  forks 
running  back  to  the  posterior  end  of  the  body,  and  beset  with 
branches  which  in  some  cases  may  unite  with  one  another  across 
the  middle  line.  It  thus  resembles  what  the  alimentary  canal  of  a 
Triclade  would  become  were  the  mouth  shifted  to  the  anterior  end 
of  the  Iwdy.  The  nervous  system  is  remarkable  for  the  fact  that 
several  trunks  of  equal  size  are  given  off  from  each  side  of  the  brain. 
The  reproductive  organs  resemble  those  of  a  Rhabdocoele  like 
Mesostoma ;  thus  the  germarium  is  only  developed  on  one  ovary, 
of  which  it  is  a  basal  branch,  and  the  testes  each  consist  of  a 
lobed  organ  directly  continuous  with  the  vas  deferens.  The  main 
peculiarities  are  as  follows:  there  is  no  spermatheca;  the  sperma- 
tozoa  from  another  individual  enter  either  by  a  dorsal  pore  or  two 
lateral  pores,  leading  into  a  canal  or  canals  which  join  the  oviducts 
where  they  unite  with  one  another.  These  ducts,  totally  unrepre- 
sented in  Turbellaria,  are  called  the  "  canals  "  of  Laurer.  Further, 
the  genital  atrium  is  situated  on  the  anterior  part  of  the  body  in 
front  of  the  ventral  sucker.  There  is  no  uterus  comparable  with 
that  of  Turbellaria;  the  so^ialled  uterus  being  a  long  coiled  tube 
composed  of  the  conjoined  oviducts  (vitellarian  ducts).  Finally, 
the  testes  are  so  large  that  there  is  not  room  for  them  side  by 
side,  but  in  order  to  stow  them  away  one  is  situated  behind  the 
other. 

Trematoda  are  divided  into  two  orders  called  respectively  the 
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Fio.  337.  Diagram  of  digentive  and  excretory  system  of  DiMtoma  hrpatifum 
X  about  S.    From  Leuckart 

1.   Mouth.  2.   Fharynx.  3.   Reproductive  poie.  4.    Branch  of  ali- 

mentary canal.  6.  Branches  of  excretory  eyatem.  6.  Exten»l 

opening  of  excretory  system.  7.  Nerve-ring. 
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MoNOOESEA  and  the  DlQENEA.  In  the  6rst  named  the  egg  gives 
rise  to  a  larva  which  developes  continuously  into  the  adult;  the 
main  organ  of  adhesion  is  a  diac  situated  at  the  posterior  end  of  the 
body  and  armed  with  suckers  or  hooks,  usually  both,  and  there  are 
two  lateral  vaginae  from  which  the  canals  of  Laurer  lead  inwards. 
The  excretory  system  opens  by  two  dorsal  pores.  One  of  the 
commonest  of  the  Monogenea  is  Polyetomum,  inteyen-imum,  found 
in  the  bladder  of  the  Frog.  This  animal  has  an  adhesive  disc 
bearing  sis  suckers.  The  fertilised  egg  PolyUomum  is  discharged 
through  the  cloaca  of  the  Frog  into  the  water.  After  some  time  a 
larva  hatches  out  which  has  a  forked  alimentai-y  canal,  but  which 
is  without  genital  organs  and  has  no  suckers,  although  the  poste- 
rior adhesive  disc  is  clearly  differentiated.  It  is  provided  with  a 
number  of  transverse  bands  of  cilia  by  means  of  which  it  swiuis 
about  until  it  finds  a  tadpole,  to  the  skin  of  which  it  attaches 
itself.  It  creeps  into  the  branchial  chamber  of  its  host  and  loses 
its  cilia,  and  commences  to  develope  genital  organs  and  suckers. 
About  the  time  of  the  tadpole's  metamorphosis  the  Trematode 
wanders  down  the  alimentary  canal  into  the  bladder.  Sphyranura 
osleri  is  an  allied  form  parasitic  on  the  skin  of  the  Urodele 
Necturus.  Its  posterior  disc  carries  two  large  suckers  and  two 
hooks. 

The  DiOBNEA  give  rise  to  larvae  which  become  parasitic  in 
some  animal,  where  they  give  rise  by  gemmation  to  several  gener- 
ations of  secondary  larvae,  which  only  develope  into  adult  forms 
when  they  are  swallowed  by  a  second  animal.  The  life-history 
therefore  includes  an  alternation  of  generations  and  is  only  com- 
pleted in  two  hosts.  The  Digenea  further  differ  from  the  Mono- 
genea in  having  as  main  adhesive  organ  a  sucker  situated  on  the 
anterior  part  of  the  ventral  surface,  in  having  only  a  single  "  canal " 
of  Laurer  which  opens  on  the  dorsal  surface,  and  finally  in  the  fact 
that  the  main  trunks  of  the  excretory  system  coalesce  to  form  a 
single  trunk  which  opens  to  the  exterior  by  a  median  posterior  pore. 
The  Liver-fluke,  Distoma  kepaiicuni,  is  an  example  of  the  Digenea ; 
it  is  parasitic  in  the  liver  and  bile-duets  of  the  sheep,  causing  a 
wasting  disease  called  sheep-rot.  It  gives  rise  to  a  larva  consisting 
of  a  solid  mass  of  cells,  the  outermost  layer  of  which  is  ciliated. 
This  larva  cannot  survive  unless  it  reaches  a  pond-snail  of  the 
species  Limnaea  truncaiuta.  In  the  pulmonary  chamber  of  this 
animal  it  loses  its  cilia,  enlarges,  and  becomes  hollow,  forming  a 
structure  called  the  sporocyst,  which  sometimes  divides  into  two 
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or  more.  Germ-cells  are  budded  off  from  the  wall  of  the  sporocjst 
into  the  cavity.  These  by  division  form  masses  which  develope 
into  secondary  larvae  called  rediae,  provided  with  a  muscular 
pharynx  and  a  sac-like  alimentary  canal.  These  larvae  have  a  pair 
of  blunt  processes  on  the  under  side  near  the  posterior  end,  by  the 
aid  of  which  they  move.  They  force  their  way  out  of  the  sporocyst 
and  enter  the  tissues  of  the  snail,  being  found  especially  in  the 
liver.  From  the  inner  surface  of  their  body-wall  germ-cells  are 
budded  off  which  give  rise  to  other  rediae,  which  escape  from  the 
parent  by  an  opening  near  the  anterior  end.  After  a  time  the 
rediae  give  rise  to  larvae  of  a  third  kind  called  cercariaa 
These  have  suckers  like  the  adult,  and  a  forked  alimentary  canal 
with  a  pharynx ;  they  are  provided  with  a  tail  stifTened  by  a  rod  of 
gelatinous  tissue  recalling  the  Vertebrate  notochord.  By  the  aid  of 
the  tail  they  work  their  way  out  of  the  snail  and  attach  themselves 
to  blades  of  grass.  The  tail  then  falls  off  and  they  enclose  them- 
selves in  a  cyst  of  mucus,  and  remain  there  till  they  are  eaten  by  a 
sheep,  from  whose  intestine  they  pass  into  the  liver,  where  they 
develope  genital  organs  and  become  mature. 

Class  III.     The  Cestoda 

The  Cestoda  are  sharply  distinguished  from  the  two  preceding 
classes  of  Flatyhelminthes  by  the  total  absence  of  an  alimentary 
canal.  They  are  all  internal  parasites,  living  in  the  alimentary 
canal  of  their  hosts,  and  absorb  the  half-digested  juices  of  their 
hosts  through  all  parts  of  their  skin. 

As  in  Trematoda  there  is  a  well-marked  cuticle  which  protects 
the  animal  from  the  action  of  the  digestive  juice  of  the  host. 
The  ectoderm  has  undergone  an  extraordinary  modification.  Its 
celts  have  become  long  and  filamentous,  having  long  narrow  necks, 
the  body  of  the  cell  with  the  nucleus  being  pushed  downwards 
into  the  subjacent  tissues.  These  necks  are,  however,  of  very 
various  lengths,  and  so  the  ectoderm,  although  fundamentally  a 
single  layer  of  cells,  presents  the  appearance  of  a  thick  band  of 
many  layers  of  nuclei.  The  ectoderm  cells  intermixed  with  longi- 
tudinal muscles  form  the  cortical  zone  of  the  animal.  Inside 
this  and  surrounded  by  the  circular  muscles  is  the  medullary 
zone  of  parenchyma,  in  which  the  genital  organs  and  the  excretory 
and  nervous  systems  are  embedded.  Many  of  the  cells  of  the 
parenchyma  secrete  calcareous  matter  and  form  the  so-called  cal- 
careous corpuscles. 
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Fio.   338.      Taenia  lolium.     Slightly  magnifled. 

A.  Entire  norm  ehowing  head  and  proglottides.         1.  Sucker  on  head. 
2.   Genital  pores.         3.   Ripe  proglottiB, 

B.  Head.      1.  Kostellum.     2.  Hooks.     3.   Suckers,      4.   Neck.      6.   Com- 
mencement of  Btrobilisation. 

C.  Ripe  proglotiiB  broken  oB  from  worm.        2.  Remains  of  vaa  deferens  and 
oviduct.       3.  Branched  uterus  crowded  with  egga. 
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Each  portion  of  tlie  body  of  a  Cestode  which  cootains  the 
reproductive  organs  is  called  a  proglottis,  and  is  budded  off 
from  the  anterior  portion  which  ia  called  the  head.  The  latter  ia 
provided  with  suckers,  and  generally,  in  addition,  with  a  circle  of 
hooka  situated  on  a  prominence  called  the  rostellum  (1,  Fiy.  338  b). 
With  the  head  the  Cestode  adheres  to  its  host;  its  hinder  part 
or  neck  buds  off  proglottides  in  which  new  sets  of  reproductive 
organs  are  formed,  and  this  process  is  repeated  an  indefinite  num- 
ber of  limes  so  that  a  chain  of  proglottides  is  formed.  The  oldest 
proglottis  is  thus  the  hindermost.  This  method  of  segmentation 
is  called  strobilisation  on  account  of  its  resemblance  to  the 
formation  of  the  Ephyrae  by  a  Hydra-tuba  (p.  65) ;  it  differs  from 


Fro.  339.  Transverae  eeciioQ  through  a  raatuTe  proglottis  of  Taenia.  Magnified 
about  M. 

I.  Cuticle.  2.  Long-necked  cells  of  octoderm.  3.  Longitudinal  muscle 
fibree  cut  acroaa.  4.  Layer  of  circular  muscles.  5.  Split  In  the 
parenchyma  which  lodges  a  calcareous  corpuscle.  6.  Ovary.  T,  Testis 
with  masses  of  male  germ-cells  foriDing  spermatozoa.  8.   Longitudinal 

excretory  canal.     9.   Longitudinal  uerve-cord.     10.   Uterus.     11.  OriducL 

the  segmentation  of  the  Annelida,  where  the  new  segments  arise 
not  in  the  neck  but  in  the  tail. 

The  excretory  system  consists  of  a  larger  and  a  smaller  trunk 
on  each  side,  which  unite  in  the  last  proglottis  to  end  in  a  con- 
tractile vesicle  opening  by  a  median  posterior  pore.  In  each  pro- 
glottis the  trunks  on  each  side  are  connected  with  their  fellows  on 
the  opposite  side  by  transverse  canals.  The  nervous  system  consists 
of  a  ring  in  the  head,  whence  two  lateral  trunks  arise.  There  is  no 
brain  —  the  impressions  the  animal  receives  from  the  outside  world 
being  few  and  simple. 

The  reproductive  organs  have  the  same  general  structure  as 
those  of  the  Trematoda.     Thevitellarium  is  however  often  unpaii-ed, 
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whereas  there  is  usually  a  pair  of  germaria.  There  is  a  large 
uterus  (8,  Fig,  340),  which  appears  to  be  a  lateral  outgrowth 
from  the  conjoined  oviducts.  From  the  circumstance  that  in 
primitive  Cestoda  this  uterus  opens  to  the  exterior  independeutly 
of  the  genital  atrium,  it  is  believed  that  it  corresponds  to  the  canal 
of  Laurer  in  the  Digenetic  Trematoda.  If  this  be  80,  the  functions 
of  the  genital  atrium  and  Laurer's  canal  have  been  exchanged  in 
Cestoda,  for  in  Trematoda  the  atrium  permits  eggs  to  escape 
whilst  Laurer's  caual  admits  spermatozoa  from  another  individual, 
in  Cestoda  these  spermatozoa  enter  through  the  atrium  whilst  the 
canal  is  enlarged  to  form  a  uterus.     The  testes  are  in  Cestoda 


1.  LoDgltudinal  wBter-vascular  canal,  2.  Traraverae  water. vascular  canal. 

3.  Vw  deferens.        i.  Vagina.      5.  Ovary,      a.  Yolk-gland.     7.  Shell- 
gland.  8.   Uterus.  9.  Tesl«)(,  10.  Longitudiual  nerve. 

represented  by  a  multitude  of  small  rounded  bodies  (7,  Fig.  339, 
9,  Fig.  340)  from  which  excessively  fine  ducts  are  given  off  uniting 
to  form  the  single  vaa  deferens  ending  in  the  penis.  As  the 
proglottis  gets  older  the  eggs  all  pass  into  the  uterus,  which  swells 
enormously,  displacing  and  destroying  the  other  organs.  In  this 
condition  the  proglottis  drops  off.  This  process  is  continually  being 
repeated  so  that  a  single  parasite  keeps  on  casting  ofE  portion  after 
portion,  each  charged  with  ova  capable  of  developing.    In  this  way 
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a  Cestode  firmly  lodged  in  the  alimentaiy  canal  of  its  host  can 
produce  an  almost  indefinite  number  of  eggs. 

In  the  more  primitive  Cestoda  the  egg-cases,  which  aa  in  Trema- 
toda  contain  an  ovum  and  a  multitude  of  jolk-cells,  escape  from 
the  detached  pic^lottis  through  the  opening  of  the  uterus  into 
water.  In  a  short  time  a  larva  hatches  out,  consisting  of  an  outer 
layer  of  ciliated  cells  surrounding  a  solid  internal  mass  which  devel- 
opea  six  chitinous  hooks.  After  swimming  in  the  water  for  a  short 
time  the  larva  is  swallowed  by  an  aquatic  animal,  loses  its  outer 
layer  of  cells,  thus  exposing  the  hooks  and  becoming  what  is  now 
termed  an  onchosphere.  In  the  more  modified  Cestoda  the  uterus 
has  no  external  opening,  and  the  eggs  escape  from  the  proglottis  only 
by  decay.  The  remains  of  the  proglottis,  including  the  eggs,  are 
swallowed  by  some  animals,  and  soon  after  an  onchosphere  hatches 
out,  no  cilia  being  formed.  In  every  case  the  onchosphere  bores 
through  the  alimentary  canal  of  its  host,  and  is  carried  by  the 
blood-stream  to  a  suitable  spot  in  the  tissues,  where  it  fixes  itself. 
Once  fixed,  the  larva  increases  very  much  in  size,  and  generally 
becomes  hollow  so  as  to  resemble  a  bladder.  An  infolding  or 
invagination  of  part  of  the  out«r  layer  now  takes  place,  forming  a 
pouch,  on  the  inner  side  of  which  the  suckers  and  hooks  of  the 
adult  head  make  their  appearance.  The  pouch  is  then  turned 
inside  out,  and  a  well-marked  head  is  thus  formed.  The  larva  is 
now  known  as  a  bladder-worm  or  Cyaticercoid,  and  is  found 
parasitic  in  a  great  number  of  animals.  A  very  common  form  is 
Cysticerciis  pisifonnis,  found  in  the  coelom  of  the  Rabbit,  attached 
to  the  mesentery.  Coennrua  cerebralia  is  a  dangerous  Cysticercoid 
in  which  the  bladder  can  become  as  large  as  a  plum,  and  on  which 
not  one  but  numerous  heads  are  formed.  It  is  found  lodged  in  the 
brain  of  the  sheep  and  other  domestic  animals,  and  causes  the 
disease  known  as  gid  or  staggers.  A  still  more  dangerous  form  is 
Echiitococr.Hs  polymorphiis,  in  which  the  bladder  may  become  as 
large  as  a  man's  head.  This  enormous  vesicle  buds  off  from  its 
inner  surface  secondary  vesicles,  on  each  of  which  numerous  heads 
are  formed.  This  parasite  is  found  in  the  Pig,  Sheep,  and  even 
Man,  in  the  liver  and  other  internal  organs. 

The  Cysticercoid  can  only  complete  its  developement  when 
its  first  host  is  eaten  by  another  animal.  Then  the  bladder  is 
cast  ofE  whilst  the  head  firmly  attaches  itself  by  its  hooks  and 
suckers  to  the  alimentary  canal  of  its  new  host,  and  .commences  to 
bud  off  pr<^lottide3.     Though  the  adult  may  attain  an  immense 
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leagth  (as  much  as  20  feet)  it  is  a  much  less  dangerous  paiasite 
than  the  larva,  and  rarely  produces  worse  symptoms  than  giddiness 
and  a  certain  amount  of  abdominal  paio.  The  adults  are  found 
chieBy  in  carnivorous  animals,  above  all  in  the  Dog,  Wolf,  and  allied 
species.  Thus  Cysiicercus  ■piaiformis  becomes  Taenia  serrala; 
Coenurus  cerebratis  gives  rise  to  Taenia  coenurus,  and  Eckinococcua 
polymorphus  to  Taenia  echinococcus,  all  three  infesting  the  ali- 
mentary canals  of  the  Dog  and  its  allies.  The  common  Taenia 
solium  found  in  the  human  intestine  is  developed  from  a  Cysticercus 
found  in  the  muscles  of  the  Pig. 

Botkriocepkaltis  lotus,  which  may  attain  a  length  of  30  feet,  is 
the  largest  Cestode  found  in  Man.  It  belongs  to  a  more  primitive 
division  of  the  class  than  Taenia,  for  it  gives  rise  to  a  free- 
swimming  ciliated  larva,  which  is  swallowed  by  the  Pike  or  the 
Perch.  In  this  it  developes  into  a  solid  larva  which  gives  rise  to 
the  adult  when  the  tish  is  eaten  by  man. 

It  is  obvious  that  an  animal  which  like  a  digenetic  Trematode 
or  a  Cestode  depends  for  its  survival  on  such  a  combination  of 
lucky  chances  as  that  of  transference  from  one  particular  species 
of  aniraal  to  another  animal  of  a  definite  kind  must  develope  large 
powers  of  reproduction.  In  the  Trematode  this  is  chiefly  manifested 
in  the  power  of  the  larva  to  reproduce  itself  asexnally,  but  in  the 
Cestoda  the  power  is  in  moat  cases  only  developed  when  the  animal 
is  in  the  adult  condition.  Considerable  discussion  has  taken  place 
as  to  whether  the  process  of  strobilisation  is  or  is  not  to  be 
regarded  as  a  production  of  new  individuals.  When  we  recollect 
that  the  separated  proglottides  often  ret^n  life  for  some  time  after 
being  cast  out  of  their  host,  it  would  seem  that  there  was  much  to 
be  said  in  favour  of  regarding  them  as  sexual  individuals  and  the 
head  as  an  asexual  one.  The  most  probable  view  on  the  whole  is 
that  of  Lang,  who  suggests  that  in  the  ancestor  of  modern  Cestoda 
the  hinder  part  of  the  body  which  contained  the  genital  organs  was 
separated  at  maturity,  as  occurs  in  the  case  of  some  Polychaeta. 
When  the  Cestode  took  to  living  in  the  alimentary  canals  of 
Vertebrata,  the  abundant  food  supply  and  favourable  temperature 
stimulated  the  powers  of  regeneration  so  that  the  missing  part 
was  quickly  reproduced,  and  by  the  hurrying  on  of  this  process  of 
regeneration  the  process  of  strobilisation  was  evolved,  exactly  as 
occurred  in  the  Scyphistoma  of  Aurelia.  It  is  interesting  to  notice 
that  Arehigetes,  found  mature  in  the  coelom  of  the  Ollgochaet 
Tubifex,  is  the  only  Cestode  which  completes  its  developement 
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elsewhere  than  in  a  Vertebrate,  and  in  this  case  only  one  proglottis 
is  produced,  which  never  separates  from  the  head.  To  the  posterior 
end  of  this  proglottis  an  appendage  is  attached  representing  tlie 
bladder  of  the  Cysticereua,  in  which  the  six  books  of  the  oncho- 
sphere  still  remain  embedded. 

The  Platyhelminthes  are  classitied  as  follows :  — 


Class  I.       TURBELLARIA 

Flatyhelminthes  with  soft,  usually  leaf-like  bodies  and  a  ciliated 
ectoderm :  rhabdites  are  often  present :  free-living. 

Order  I.     Bbabdoooelida. 

Tui'bellaria  with  a  straight,  rod-like  alimentary  canal  and 
a  protvusible  pharynx. 

Sub-order  1.     Acoela. 

The  digestive  system  is  represented  by  a  mass  of  endoderm 
cells  which  contains  no  cavity ;  a  short  pharynx  and  single 
otocyst  are  present. 

Sub-order  2.     Alloiocoela. 

The  digestive  canal  is  lobed:  the  testes  are  scattered. 
Sub-order  3.     Bhabdocoela. 

The  digestive  canal  is  rod-shaped,  the  pharynx  pro- 
trusible. 

Order  II.     Dendrocoelida. 

Turbellaria  with  a  branched  alimentary  canal. 
Sub-order  1.     Triclada. 

The  alimentary  canal  has  three  main  branches,  one 
running  forward  and  two  running  back.  Male  and  female 
openings  united. 

Sub-order  2.     Polyclada. 

The  alimentary  canal  has  many  branches  sometimes 
anastomosing.    Male  and  female  openings  as  a  rule  distinct. 

Marine 
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Class  II.    Tkematoda 

Parasitic  Platyhelminthes  with  usually  leaf-tike,  rarely  cylin- 
drical  bodies:  no  cilia  on  ectoderm;  forked  alimentary  canal: 
ventral  sucker  or  suckers  and  hooks  often  present :  not  segmented. 

Order  I.'    Monoffenea. 

Trematodes  with  a  sucker  or  suckers  at  the  posterior  end 
and  in  some  cases  another  anteriorly.  Often  external  parasites 
or  in  the  mouth,  nose,  or  branchial  cavities.  Developement 
direct. 

Order  II.     Digenea. 

Trematodes  with  a  sucker  at  the  anterior  end  and  another 
on  the  ventral  surface  or  posteriorly.  Internal  parasites  and 
their  organs  of  adhesion  more  weakly  developed  than  in  the 
Monogenea.     Developement  with  an  alternation  of  generation. 

Class   III.     Cestoda 

Parasitic  Platyhelminthes  with  elongated  and  usually  segmented 
body :  no  mouth  or  alimentary  canal :  suckers  and  hooks  present 
but  on  the  head  only:  the  segments  break  off  when  ripe. 
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Phylttm  Nbmbktinea 

The  Nemertines  belong  to  that  category  of  animals  which 
would  by  most  people  be  styled  "worms";  that  is  to  say,  they  are 
long,  soft-bodied  animals,  without  limbs  or  appendages  of  any 
kind,  that  progress  by  undulatory  movements  of  the  body.  Most 
Nemertines  are  marine,  living  under  stones  and  amongst  the  roots 
of  seaweed;  a  few  are  fresh-water,  and  one  or  two  species  are 
terrestrial. 

They  swim  in  a  graceful,  undulating  fashion,  but  they  are  much 
more  sluggish  in  their  movements  than  Annelida.  It  is  a  common 
and  chaFacteristic  sight  to  see  an  isolated  contraction  passing 
slowly  back  along  the  body.  Some  species  are  minute,  others, 
e.g.  Linens  marinus,  attain  a  length  approaching  100  ft.,  and  are 
perhaps  the  longest  animals  known. 

The  ectoderm  consists  of  long,  narrow,  ciliated  cells.  In  this 
they  resemble  the  Turbellaria,  but  they  differ  from  the  latter 
animals  profoundly  in  the  structure  of  the  alimentary  canal.  This 
organ  is  straight  and'unbranched;  it  begins  in  a  mouth  placed  a 
short  distance  behind  the  anterior  end  of  the  body,  and  it  ends  in 
an  anus  placed  at  the  extreme  posterior  end.  For  most  of  its 
course  the  alimentary  canal  is  sacculated;  that  is,  produced  at 
the  sides  into  a  series  of  short  broad  pouches;  otherwise  it  is  not 
differentiated  in  any  way. 

The  most  chai-acteristic  organ  of  the  Nemertine  is  the  pro- 
boscis. This  is  a  long  tube  lying  above  the  alimentary  canal, 
ending  blindly  behind,  and  opening  to  the  exterior  in  front.  The 
proboscis  is  a  part  of  the  outer  skin  invs^inated,  and  when  retracted 
it  is  surrounded  by  a  closed  space  lined  by  well-defined  epithelium 
called  the  proboscis-sheath.  This  space  contains  a  watery 
fluid  and  its  wall  beneath  the  epithelium  possesses  powerful  circular 
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muscles.     When  these  contract  the  proboscis  is  partially  foi-ced  out 
of  the  sheath  by  being  turned  inside  out  and  consequently  pro- 
truding from  the  front  end  of  the  body  at  the  same  time.     It  can 
never  be  completely  turned  inside  out,  for  certain  cords  traversing 
the  proboscis-sheath  restrain  it     At  the  point  in  its  wall  which  is 
at  the  anterior  end  when  the  process  of  turning  inside  out  has 
reached     its     utmost    limits, 
there   is   in    the   higher   Ne- 
mertines  a  short  lateral  pouch 
in  which  a  horny  spike,  the 
stylet,    is    secreted.      Kound 
the  base  of  this,  open  poison- 
glands,  so  it  can  be  seen  that 
the  prolKiscis  is  an  offensive 
organ   for    seizing   prey.      So 
far  as  we  know  all  Nemertines 
are  carnivorous.   Amongst  the 
lower  Nemertines  the  stylet 
is  not  developed,  nevertheless 
the  prolwscis  can  be  employed 
to  catch  prey;   it  is  quickly 
thrust  out  and  coiled  spirally 
rouud   the   victim    and   then 
retracted   so  as  to  push   the 
prey   into  the  mouth.     This 
retraction    is   brought    about 
by  a   muscular   band   which 
attaches  the  end  of  the  pro- 
boscis to  the  sheath.  The  land 
Nemertines  {Oeonemertes)  are 
said    to    travel    by    thrusting 
out    the   proboscis,   attaching 
to    it    foreign     objects    and 
drawing  up  the  body  after  it. 
Underneath    the    ciliated 
ectoderm  of  Nemertimes  there 
is  a  series  of  powerful  circular  and  longitudinal  muscles :    these 
layers  are  of  course  continued,  but  in  the  reverse  order,  on  to  the 
walls  of  the  proboscis,  since  this  is  only  invaginated  skin.     Under 
extreme  irritation  the  extended  proboscis  is  sometimes  torn  from 
the  body  —  by  the  heightened  pressure  of  the  fluid  in  the  sheath  — 
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and  in  one  instance  such  a  disjoined  proboscis  was  mistaken  on 
account  of  its  active  contractions  for  a  new  species  of  Nemertina 

There  is  a  well-defined  central  nervous  system  amongst  Nemer- 
tines,  consisting  of  a  pair  of  ganglia  lying  at  the  front  of  and  above 
the  mouth  —  less  frequently  at  the  sides  of  it — and  connected  by  a 
commissure  which  passes  above  the  proboscis-sheath.  The  hinder 
parts  of  the  ganglia  are  more  or  less  distinctly  separated  as  posterior 
lobes,  and  come  into  close  relation  with  curious  pouches  of  invagi- 
nated  ectoderm,  termed  cephalic  pits  (Fig.  341),  which  seem  in 
some  cases  at  any  rate  to  subserve  the  respiration  of  the  nervous 
tissue,  for  the  latter  in  some  species  contains  haemoglobin.  The 
ganglia  are  continued  backwards  into  two  powerful  nerve-cords 
lying  at  the  sides  of  the  body.  In  the  lower  species  these  cords 
can  be  seen  to  lie  just  beneatli  the  ectoderm  and  to  be  but  thicker 
portions  of  a  sheath  of  nerve-fibrils  extending  all  round  the  body, 
and  derived  from  the  bases  of  the  ectoderm  cells.  In  the  higher 
species  the  nerve-cords  lie  well  within  the  muscles,  and  this  sheath 
is  not  so  evident. 

Sense-organs  in  the  form  of  eyes  of  simple  structure  often  occur 
immediately  over  the  region  of  the  ganglia. 

The  interstices  between  the  various  organs  inside  the  muscles 
are  filled  up  with  connective-tissue,  but  there  exist  three  longi- 
tudinal tubes  with  well-defined  walls  which  are  regarded  as  blood- 
vessels. Two  of  these  tubes  lie  at  the  sides  of  the  alimentary  canal, 
and  one  is  situated  above  it  and  below  the  proboscis-sheath.  These 
vessels  are  connected  anteriorly  by  arches  and  they  unite  with  one 
another  in  both  the  head  and  tail. 

The  excretory  organs  have  the  form  of  a  pair  of  branched  tubes 
opening  at  the  sides  of  the  body  not  far  behind  the  cephalic  pits. 
Their  branches  end  blindly  and  the  terminations  of  these  are  closely 
applied  to  and  even  indent  the  wall  of  the  lateral  blood-vessel,  and 
in  each  termination  there  is  a  tuft  of  cilia. 

The  Nemertinea  are  dioecious.  The  generative  organs  are  ex- 
ceedingly simple,  consisting  in  both  sexes  of  packets  of  celts 
situated  along  the  sides  of  the  body  alternating  with  the  pouches 
of  the  alimentary  canal.  No  permanent  genital  ducts  exist,  but 
when  the  ova  and  spermatozoa  are  ripe  they  appear  to  make  tem- 
porary ducts  for  themselves.  The  egg  developes  in  many  cases  into 
a  remarkable  larva  called  a  Filidium.  This  is  shaped  something 
like  a  policeman's  helmet  with  ear  lappets.  The  edge  of  the 
helmet,  including  the  lappets,  is  fringed  with  powerful  cilia,  and 
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there  is  besides  a  tuft  of  long 
cilia  at  the  apex.  Underneath  the 
helmet  is  the  opening  of  the  mouth, 
which  leads  into  a  sac-like  gut  de- 
void of  an  anu3. 

The  adult  is  developed  from  the 
Filidium  in  an  extraordinary  way. 
Four  invaginations  of  ectodenn 
appear  on  the  under  side  of  the 
larva,  at  the  sides  of  the  alimentary 
canal.  These  grow  both  upwards 
and  inwards  until  they  completely 
Biirround  the  canal.  The  inner  walls 
of  the  pockets  form  the  ectoderm 
of  the  adult.  When  the  process  is 
complete  the  alimentary  canal  sur- 
rounded by  the  new  ectoderm  drops 
out  of  the  Pilidium  and  forms  the 
Nemertine. 

Many  species  of  Nemertine  are 
found  on  the  British  coast.  As 
examples  we  may  mention  Linens 
(Fig.  341),  a  long  thin  form  without 
stylets  in  the  proboscis,  and  Tetra- 
gtemma,  a  short  broad  form  with 
four  eyes  and  stylets  in  the  pro- 
boscis. 

The  Nemertines,  so  far  as  our 
present  knowledge  extends,  form  a 
completely  isolated  group  in  the 
animal  kingdom. 

From  the  circumstances  that 
some  Rhabdocoel  Turbellarians  have 
a  protrusible  organ  in  the  anterior 
part  of  the  body,  and  that  the  ex- 
cretory organs  of  Nemertines  hear 
a  certain  resemblance  to  those  of 
Platyhelminthes,  it  was  supposed 
that  Nemertines  and  Platyhel- 
minthes were  allied.  The  totally 
different  character  of  the  generative 


Fio.  342.  Cfr'bTaiiihis  fiigctit. 
Youiip  traiisparenl  form  x  7. 
ArierBUrger. 

1.  Cephalic  Blits.  2.  Opening 
leading  into  tlie  retracted  pro- 
boscis. 3.  Dorsal  commisdiire 
of  cervouB  system.  4.  Ventral 
commissure.  5.  Brain.  6.  Pos- 
terior lobe  of  brain  wliicli  comes 
into  connection  with  tlie  cepiial  ic 
slit.  7.  Mouth.  8.  ProboHcis- 
sheatlh.  0.   Lateral  vessel. 

10.  Proboscis.  11.  Pouciies  of 
alimentary  canal.  12.  Stomach. 
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oi^aas  in  the  two  groups  and  the  presence  of  an  anus  in  Kemertines 
tells  strongly  against  this  view,  and  the  resemblances  indeed  will 
not  stand  minute  investigation. 

Of  all  the  groups,  however,  about  the  nature  of  whose  scMjalled 
"  mesoderm  "  we  ace  in  doubt,  the  Nemertines  have  perhaps  the 
greatest  probability  of  turning  out  to  be  true  Coelomata.  The 
cavity  of  the  proboscis-sheath,  termed  Rhy  achocoetom  by  German 
authors,  may  very  possibly  be  part  oF  a  true  coelom ;  but  we  are 
not  justified  in  assuming  this  until  more  exact  observations  have 
been  made  on  its  dev elopement. 

The  Nemertinea  are  divided  into  classes  iu  accordance  with  the 
condition  of  the  nervous  system  and  the  arrangement  of  the  layers 
of  muscles  in  the  skin.     These  classes  are  as  follow :  — 

Class  I,     Fkotonemertini 
A  nervous  sheath  underlies  the  entire  ectoderm :  the  lateral 
nerve-cords,  mere  thickenings  of  this  sheath,  are  situated  out- 
side the  layers  of  muscles :  no  stylets  in  the  proboscis. 
Ex.     Carinella. 

Class  II.     Mesonemertini 
A  nervous  sheath  underlies  the  entire  ectoderm :  the  lateral 
nerve-cords  are  more  deeply  situated,  lying  between  the  outer 
circular  and  the  inner  longitudinal  muscles :  no  stylets  in  the 


Ex.     Cephalolkrix. 

Class  III.     Heteronemkbtini 
A  nervous  sheath  surrounds  the  body.     Both  it  and  the 
nerve-cords  lie  inside  a  special  layer  of  longitudinal  muscles, 
which  are  derivatives  of  the  ectoderm  cells,  but  inside  all  the 
other  muscles :  no  stylets  on  the  proboscis. 
Ex.    Lineua,  CerebrcUulua. 

Class  IV.     Metanemebtini 
No  nervous  sheath   but  definite  peripheral  nerves:   the 
lateral   nerve-cords   lie   within   all    the    muscle   layers:    the 
proboscis  is  armed  with  stylets. 

Ex.     Tvtra^emma,  Geonemerles,  Malacobdeila. 
Classes  I-III  are  often  united  as  the  class  AnOPLA,  charac- 
terised by  the  absence  of  stylets  in  the  proboscis.     Class  IV  is 
sometimes  termed  ExOPLA  (i.e.  armed)  to  contrast  it  with  the 
remaining  Nemertines  or  Anopla. 
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Phylum  Rotifeba 

The  Rotifera  are  minute  animals  mostly  contined  to  fresh  water, 
a  few  only  being  found  in  the  sea.  Many  of  them  swim  about  by 
means  of  a  loop  of  cilia  which  encircles  the  front  end  of  the  body, 
but  some  are  sessile.  The  motion  of  these  cilia  induced  the  early 
observers  to  thiuk  that  the  animal  had  wheels  in  front,  whence  the 
name  (Lat.  rota,  a  wheel;  few,  to  carry).  There  is  a  complete 
transparent  alimentary  tube,  ending  in  an  anus  situated  on  the 
dorsal  side  in  front  of  the  hind  end  of  the  body,  the  latter  forming 
a  ventral  projection  called  the  foot.  The  first  part  of  the  tube  is 
a  stomodaeum,  and  lined  like  the  rest  of  the  skin  with  cuticle. 
This  cuticle  is  thickened  to  form  teeth  which  work  on  one  another, 
the  whole  ot^an  being  called  a  mastax.  The  activity  of  the 
mastax  enables  one  at  once  to  distinguish  a  Kotifer  from  other 
minute  animals. 

Fhscularia  comula,  often  termed  F.  appendiculafa,  is  a  widely 
distributed  species.  It  lives  in  ponds,  ditches,  and  pools,  usually 
attached  by  its  posterior  end  to  some  water-weed  or  other  body 
and  surrounded  by  a  gelatinous  tube  into  which  the  animal  can 
retire.  The  length  of  the  animal  when  extended  is  02  to  0-3  mm. 
The  body  is  covered  by  a  thin  cuticle,  and  may  be  divided  into 
three  regions,  the  head,  the  trunk,  and  the  foot.  When  the  animal 
is  extended  the  last-named  is  stretched  out  and  smooth,  but  it  is 
wrinkled  when  the  animal  withdraws  into  its  tube.  It  tei-minates 
in  a  disc,  on  which  opens  the  duct  of  two  large  glands  which 
secrete  an  adhesive  substance,  by  means  of  which  the  foot  is 
anchored. 

The  anterior  end  of  a  Eotifer,  on  which  the  mouth  opens,  is 
called  the  disc.  In  Floacularia  this  is  produced  into  five  long 
tentacle-like  processes  fringed  with  stiff  bristles  which  serve  as  a 
net  to  entangle  small  animals  and  plants.    The  cilia  which  produce 
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the  current  by  means  of  which  the  prey  is  captured,  are  situated 
iiisitle  the  ring  of  tentacles.  They  take  the- form  of  a  horseshoe- 
shai>ed  band  open  dorsally,  the  mouth  being  situated  io  the  centre 


D.  F.  cnmpanuliiia.     Mate  in  agiii  fled.        1.   Vesicul  a  seminal  is.       2,  Penis, 

of  the  horseshoe.  This  band  of  cilia  is  termeii  the  velum:  in 
otliei  Rotifera  it  ia  doubled  back  on  itself  in  such  a  way  that  a  loop 
is  produced  which  lies  dorsal  to  the  mouth.     This  loop  is  called  the 
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trochus;  it  usually  consists  of  mare 
powerful  cilia  than  the  reat  of  the 
velum,  whichia  termed  the  cingulum. 
The  groove  between  the  two  bauds  in 
which  the  mouth  lies  is  covered  with 
fine  cilia.  In  the  genus  Rotifer  the 
trochus  is  composed  of  two  almost 
circular  lobes,  which  were  described  as 
wheels  by  the  first  naturalist  who 
observed  them,  and  this  circumstance 
suggested  the  name  given  to  the  genua 
and  afterwards  bestowed  on  the  whole 
phylum. 

Within  the  cuticle  which  covers  the 
body  is  the  ectoderm.  This  takes  the 
form  of  a  protoplasmic  layer  with 
scattered  nuclei,  showing  no  cell- 
outlines.  It  surrounds  a  spacious  body 
cavity,  probably  a  haemocoel,  which 
contains  a  fluid  with  no  amoebocytes; 
in  this  float  the  various  organs  of  the 
body  connei^ted  more  or  less  closely 
together  by  connective-tissue  cells. 
The  muscles  do  not  form  a  continuous 
layer  underneath  the  ectoderm  aa  is 
the  case  with  the  Platyhelminthea  and 
the  Neniertinea  but  consist  of  isolated 
bauds,  chiefly  longitudinal,  which  re- 
tract the  disc  and  the  foot  and  bend 
the  body  in  various  ways,  the  recovery 
of  its  original  shape  being  largely  due 
to  the  elasticity  of  the  cuticle. 

The  food,  which  consists  of 
Protozoa  and  other  small  organ- 
isms, is  swept  into  the  mouth  by 
the  action  of  the  surrounding 
cilia.  The  mouth  leads  through 
a  wide  vestibule  into  an  oeso- 
phagus, which  is  ciliated  and 
projects  down  into  the  so-called 
gizzard  or  mastax,  which,  next 


Fro.  344.  DiHgram  of  P(o3c«- 
laria. 
Circle  of  tentacles  brarin^  brisllea. 
2.  Velum.  3.  MouUi  leading  lo 
vestibule.  4.  Brain.  6.  Oesopha- 
gus hanging  like  a  funnel  inio  tLe 
crop.  (t.  Mastax  with  trophi. 
7.  Stomach.  8.  Reclum.  9.  Open- 
ing  of  cloaca.  10.  Strands  of  luas- 
cle.«.  11,  Yolk-gland  partof ovary. 
12.  ()varian  pari  of  ovary.  13.  Ovi- 
duct. H.  Excretory  duct  openinf! 
into  I&,  urinary  bladder.  10.  A  tiii; 
with  a  tuft  of  cilia.  IT.  Longitudi- 
nal and  circular  muscles  hi  foot. 
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to  the  ciliary  rings  on  the  head,  is  the  most  characteristic  organ  of 
a  Rotifer.  The  vestibule,  oesophagus,  and  mastax  are  all  part  of 
the  stomodaeum.  The  cuticle  lining  the  mastax  is  thickened  so  as 
to  produce  the  trophi,  which  are  hard,  chittnous,  chewing  organs; 
of  these  there  are  typically  three,  two  mallei  and  an  Incus  on 
which  they  strike.  The  incus,  a  Y-shaped  piece,  consists  of  two 
rami  and  a  central  piece  or  fulcrum.  Each  malleus  is  composed 
of  a  manubrium  and  an  uncus  or  head,  which  may  be  toothed. 
The  shape  and  arrangement  of  these  hard  parts  is  of  great  value 
in  classification.  In  some  species  the  mallei  are  absent  altogether, 
and  the  two  rami  of  the  incus  then  work  against  one  another  like 
two  lateral  teeth.  In  the  Notomuatidae  the  mallei  can  be  pro- 
truded through  the  mouth,  and  are  used  to  cut  into  the  cells  of 
Algae  on  which  the  animals  browse.  In  FloKularia  and  its  allies 
there  is  a  dilatation  of  the  stomodaeum,  called  the  crop,  interposed 
between  the  mastax  and  the  "oesophagus,"  and  the  latter  hangs 
down  into  the  crop  just  as  a  funnel  might  hang  into  a  tumbler; 
the  crop  can  be  everted  through  the  mouth. 

After  passing  between  the  jaws  the  food  enters  the  stomach, 
which  is  lined  with  cilia ;  here  the  food  loses  its  original  colour  and 
becomes  tinged  with  the  brown  secretion  of  the  wails  of  the  stomach. 
In  most  forms  two  salivary  glands  open  into  the  gizzard,  and  two 
gastric  glands  into  the  stomach,  but  these  have  not  been  clearly 
made  out  in  Floscidaria.  The  stomach  is  separated  by  a  constric- 
tion from  the  ciliated  rectum,  and  this  ends  in  a  non-ciliated  procto- 
daeum  into  which  the  genital  and  excretory  organs  open.  The 
alimentary  canal  of  Kotifera,  like  that  of  the  lower  Vertebrata,  thus 
terminates  in  a  cloaca. 

The  excretory  system  consists  of  two  longitudinal  ducts  con- 
sisting of  columns  of  perforated  cells,  which  bear  a  number  of  small 
tags  hanging  freely  into  the  body  cavity  {Fig.  345).  Each  tag 
consists  of  a  cavity  in  which  are  several  flagella,  which  show 
during  life  the  peculiar  flickering  motion  which  is  usually  asso- 
ciated with  the  excretory  system  of  Platy helminths.  In  Flo-t- 
ciilaria  four  or  five  pairs  of  tags  have  twen  seen.  The  longitudinal 
ducts  are  usually  connected  by  a  transverse  duct  juat  under  the 
disc,  and  they  open  as  a  rule  into  a  capacious  bladder  which 
contracts  at  intervals  and  expels  its  contents  into  the  cloaca,  and 
thus  out  of  the  body.  It  has  been  calculated  that  in  some  species 
this  bladder  expels  a  bulk  of  fluid  equal  to  that  of  the  animal 
about  every  ten  minutes,  and  this  fluid  must  be  replaced  by 
water  which  diffuses  through  the  botly-wall.     This  water  doubtless 
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brings  with  it  oxygen  and  carries  oB  carbonic  acid  which  it  baa 
taken  up  from  the  tiaaues. 

The  principal  part  of  the  nervous  system  is  a  bilobed  ganglion 
called  the  brain.  This  lies  just  undet  the  disc  on  the  dorsal  side  of 
the  mastax ;  it  bears  two  red 
eyes  in  Floacularia.  In  Notom- 
mala  the  brain  is  large,  and  on 
it  more  than  one  pair  of  eyes  are 
situated.  In  the  Bdelloida  there 
is  also  a  ganglion  on  the  ventral 
side  of  the  mastax,  and.a  pair  of 
circum oesophageal  cords  unite 
this  with  the  brain.     Id  Flosmi- 

laria,  as  in  Rotifera  generally,  i 

there  are  three  well-marked  sense 
organs  called  antennae,  con- 
sisting of  prominences  bearing 
stiff  sense-hairs ;  one  is  situated 
in  the  mid-dorsal  line,  two  are 
latero-ventral ;  these  latter  are 
in  some  genera  fused  with  one 
another. 

As  in  the  Platyhelminthes, 
so  in  Rotifers,  the  ovary,  which 
occupies  a  good  deal  of  space  in 
the  body  cavity,  usually  consists 
of  a  vitellarium  or  yolk-gland 
and  a  germanum  or  true  ovary. 
The  latter  lies  between  the  former 
and  the  stomach;  it  is  incon- 
spicuous and  is  more  or  less 
hidden  by  the  large  cells  of  the 
vitellarium.  Both  glands  may 
be  paired.  They  are  enclosed  in 
a  membrane  continuous  with  the 
oviduct  which  opens  into  the 
cloaca  behind  the  excretory  duct. 

The  above  description  relates 
chiefly  to  the  female  Flosailar 


Fia.  345.    Diagram  of  &  Rotifer. 
1.  AnuB.        2.  Brain.        3.  Trochus. 
4.  Cingiilum.  6.  Gland  in  foot. 

6.  Cloaca.  7.  Cuticle.  8.  Ecto- 
derm. 9,  Dursal  anUnna.  10.  Rye. 
11.  A  ciliated  "  tag"  of  the  excre- 
tory syBtem.  1'^.  InieHtine. 
13.  Muscles.  14.  Mouth.  15.  Ne- 
phridial  tube.  16.  Ovuui.  IT.  Ovi- 
duct. 18.  Ovary,  18.  Mnewx. 
20.  Stomacb.  21.  Bladder. 
22.    Vilellarium. 

and  in  fact  until  1S74  the  male 


was  unknown.     It  is  much  smaller  than  the  female  (B,  Fig.  343). 
As  a  rule  the  male  Rotifer  has  a  single  circlet  of  cilia,  a  brain, 
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eyes,  excretory  syBtera 
there  is  no  mouth  or  a 


Fio.340.  /f^ntfna«fnla,  ventral  view. 
After  l'lnt«.     Magnified, 

1.  Lateral  antenna.  2.  Bladder. 
3.  Olnsulum.  i.  Egga.  5.  Vitel- 
lariumor  yolk-sland.  8.   Foot- 

gland.  7.  Gizzard.  B.  GaBtric 
gland.  0.  Gerniarium  or  ovary. 

10.  Lobes  of  "  grctove  "  bearing  stiff 
setae.  11.  Intestine.  12.  Eicreloiy 
tube.  Vi.  Moulh.  14.  Ciliated  tag 
of  the  excretory  system.  16.  Oeso- 
pliajrua.  IB.  Henal  comaiisaure, 

transverse  tube  uniting  kidneys 
above  mouth.  17.  Siomacb  overlaid 
by  reproductive  organs.  18.  Tro- 
cbuB.        19.  Uterus. 


KOTIFERA  [chap. 

and  muscles  all  more  or  less  reduced,  but 
inentary  canal.  The  testis  is  large  and  the 
penis  is  introduced  into  the 
cloaca  of  the  female,  or  in  some 
ca.ses  is  thrust  through  the  wall 
of  the  body,  and  then  the  eggs 
are  probably  fertilised  in  the 
ovarj'. 

Fto»i:uluTia  lays  two  kinds  of 
eggs  during  the  summer,  both  of 
which  are  thought  to  deveIoi>e 
parthenogeneticalty.  Both  kinds 
accumulate  between  the  foot  and 
the  tube  in  which  the  mother 
lives.  The  larger  eggs,  which 
average  live  to  eight  in  number, 
prod  ucefemales,thesmal1ereggs, 
whose  origin  seems  to  be  deter- 
mined by  the  temperature,  may 
amount  to  eighteen  or  twenty. 
These  produce  the  males.  To- 
wards the  autumn  the  males 
fertilise  the  females,  and  the 
resulting  eggs  termed  "winter- 
eggs"  are  clothed  with  a  thick 
shell  capable  of  withstanding 
cold  and  drought.  These  live 
through  the  winter  and  give  rise 
to  females  in  the  spring.  A 
similar  alternation  of  summer 
and  winter  egga  is  met  with  in 
certain  Crustacea  (Phyllopoda 
and  Ostracoda). 

Botifera  are  cosmopolitan, but 
as  a  rule  they  inhabit  fresh 
water;  about  TOO  species  are 
known,  of  which  only  one-tenth 
live  in  the  sea  or  in  brackish 
water.  One  species,  St/nchaeta 
baltica,  is  pelagic  and  phosphor- 
escent.    A  few    are   parasitic. 
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Hydalina  senta  is  one  of  the  commonest  Rotifers,  and  is  usually  to 
be  met  with  swimming  about  amongst  the  algae  of  green  ponds. 
It  possesses  a  shortly  elongated  cylindrical  body  (Fig.  346).  The 
disc  bears  a  circular  cinguhim  separated  by  a  groove  from  the 
trochus;  in  this  groove  are  five  prominences  bearing  stiff  setae. 
The  posterior  end  of  the  body  tapers  and  ends  in  a  bifurcated  foot 
on  which  a  pair  of  glands  oi)eti. 

A  great  many  of  the  Bdelloida  live  amongst  the  roots  and 
leaves  of  mosses,  etc.,  and  these  can  survive  being  dried  up  for  a 
long  time,  the  body  shrinking  and  sealing  itself  up  in  the  cuticle. 
Apart  from  the  species  which  possess  this  power  Kotifera  as  a 
class  are  short-lived,  and  this  is  especially  true  of  the  males. 

In  certain  respects,  such  as  the  nature  of  their  excretory  organs 
and  of  their  ovaries,  the  Rotifers  show  some  resemblance  to  the 
Platyhelminthes ;  but  they  differ  from  them  profoundly  in  the 
alimentary  canal.  The  veluin,  in  its  typical  form  consisting  of 
trochus  and  cingulum,  has  been  compared  to  the  ciliated  band 
which  encircles  the  Trochophore  larva.  This  band  like  the  velum 
is  seen  on  close  inspection  to  consist  of  a  prae-oral  and  a  post-oral 
loop.  The  Trochophore  larva  is  found  in  the  life-history  of  the 
Polychaeta  and  some  of  the  more  primitive  Mollusca,  and  it  is 
l>elieved  by  many  to  rejiresent  a  common  ancestral  form.  Should 
the  comparison  of  the  Rotifera  with  this  larva  be  a  just  one  we 
must  regard  the  Rotifera  as  having  been  derived  from  the  common 
Stock  of  Annelida  and  Mollusca,  and  to  be  therefore  a  very  ancient 
group.  There  are  however  difficulties  which  arise  when  the  com- 
parison is  carried  into  details,  and  for  the  present  it  is  better  to 
regard  the  Rotifera  as  a  completely  isolated  phylum. 

Leaving  out  of  sight  a  few  parasitic  and  aberrant  forms  the  bulk 
of  the  Rotifera  are  classi6ed  as  follows :  — 

Class  I.     Khizota 

Rotifera  in  which  the  foot  is  not  retractile  but  forms  a 
permanent  organ  of  attachment.     The  animal  lives  in  a  tube. 
Ex.     Floactdaria. 

Class  II.     Bdelloida 

Rotifera  which  creep  like  a  leech,  using  the  foot  as  a  sucker. 
They  ate  provided  with  a  protrusible  adhesive  proboscis  on  the 
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dorsal  surface,  by  which  the  anterior  end  of  the  animal  may 
be  made  to  adhere. 
Ex.     Rotifer. 

Class  III.     Ploiha 

Rotifera  which  swim  freely,  only  occasionally  attaching 
themselves  by  the  forks  of  the  bifurcated  foot. 
Ex.     HydatKra,  St/nchaeta,  yolommata. 

Class    IV.       SciRTOPODA 

Kotifera  provided  with  hollow  moveable  outgrowths  from 
the  body  by  means  of  which  they  leap. 
Ex.     Pedalim. 
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CHAPTER   XXIU 
Phylum  Nematoda 

The  Nematoda  include  a  very  great  number  of  species  commonly 
termed  Thread-Worms,  or  from  the  shape  of  their  cross-section 
Round- Worms.  Certain  species  attain  a  great  length,  as  long  as 
a  man,  but  more  commonly  they  are  small  and  insignificaDt  and 
often  microscopic.  The  general  shape  of  the  body  is  cylindrical, 
usually  pointed  slightly  at  each  end,  the  surface  is  smooth  with  at 
most  a  few  bristles,  so  that  they  easily  insinuate  themselves  into 
the  cracks  iu  the  damp  earth,  or  between  the  tissues  of  the  animals 
and  plants  in  which  for  the  most  part  they  live. 

As  a  rule,  like  most  animals  which  pass  their  time  in  the  dark, 
Nematodes  are  white  or  whitish-yellow  in  colour.  The  body  is 
glistening  and  smooth,  but  not  slimy.  It  is  ensheathed  in  a  thick 
cuticle,  which  is  in  some  cases  ringed.  No  locomotor  organs  exist, 
and  the  animals  progress  by  wriggling,  bending  first  to  one  side 
and  then  to  the  other.  The  cutiRle,  which  is  moulted  ahout  four 
times  during  the  life  of  the  animal,  is  secreted  by  an  underlying 
layer  called  the  ectoderm,  in  which  no  trace  of  cell  limits  can  be 
detected,  but  nuclei  are  scattered  in  it.  Along  the  middle  dorsal 
and  middle  ventral  line,  and  along  each  side,  this  layer  is  thickened 
and  projects  inward.  The  median  ridges  support  two  nerves, -the 
lateral  ridges  two  canals,  which  are  believed  to  be  excretory. 

By  these  ectodermal  thickenings  the  body-wall  is  divided  into 
quadrants.  In  each  quadrant  there  is  a  layer  of  longitudinal 
rauscle-fibres  of  very  peculiar  appearance.  In  all  muscle-fibres,  as 
we  have  seen  (p.  95),  there  is  a  patch  of  unmodified  protoplasm 
surrounding  the  nucleus,  the  rest  being  modified  into  those  fibrils 
which  are  the  visible  sign  of  a  heightened  contractile  power.  In  the 
Nematoda,  in  which  all  metabolism  is  at  a  low  ebb,  only  the  outer- 
611 
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most  layer  of  the  muscle-cell  is  converted 
into  fibrils,  the  great  bulk  consisting  of 
unmodified  protoplasm,  which  is  ofteo 
drawn  out  into  an  internal  process  run- 
ning towards  the  dorsal  or  ventral  ecto- 
dermal ridge.  Muscle-cells  of  such  a 
character  are  only  known  in  Nematoda. 

The  body-wall,  which  has  just  been 
described,  encloses  a  space  which  is 
traversed  from  end  to  end  by  the  ali- 
mentary canal.  This  space  is  full  of  a 
fluid  in  which  amoebocytes  float,  and  it 
further  lodges  the  reproductive  system. 
It  has  no  epithelial  lining  and  appears 
to  be  a  haemacoele.  Besides  this  there 
is  no  circulatory  system  or  heart. 

The  mouth  is  terminal,  and  is  usually 
surrounded  by  certain  papillae  or  lobes, 
often  three  or  six  in  number.  It  leads 
into  an  oesophagus,  usually  with  a  tri- 
angular cavity  and  thick  muscular  walls 
(Fig.  347).  The  oesophagus  may  be 
immediately  followed  by  a  second  mus- 
cular bulb,  called  the  pharynx,  which 
sometimes  has  an  armature  of  some 
bristles  or  spines.  Both  oesophagus 
and  pharynx  are  parts  of  the  stomo- 
daeum.  Then  follows  the  intestine, 
which  is  by  far  the  largest  part  of  the 
alimentary  canal.  The  muscular  oeso- 
phagus no  doubt  acts  as  a  sucking  organ, 
but  there  are  no  muscles  and  no  cilia 
in  the  intestine.  It  is  a  simple  tube 
formed  of  a  single  layer  of  cells,  which 
both  inside  and  out  secrete  a  thin 
cuticle.  Posteriorly  it  passes  into  a 
proctodaeum  with  muscular  walls,  and 

Fio.  847,  Female  Ascarii  lumbricoidet,  cul  open  along  the  median  dorsal 
line  to  show  tbe  internal  organs  x  1. 

1.  The  muscular  oesopliagua.  2.  The  intestine.  3.  The  ovary.  4.  The 
uterus.  5,  The  vagina.  6.  Its  external  opening.  7.  The  ex- 

cretory canals.        8.  Their  opening. 
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this  terminates  io  the  anus  situated  a  little  in  front  of  the  end  of 
the  tail. 

The  nervous  system  consists  of  a  ring  round  the  oesophagus, 
which  sends  off  in  front  six  nerves  to  the  mouth  and  its  papillae, 
and  behind  it  also  gives  off  six  neives,  the  two  more  important  of 
which  run  down  the  body  in  the  above-mentioned  median  dorsal 
and  ventral  ectodermic  ridges.  Transverse  commissures  unite  these 
main  nerve-trunks  at  irregular  intervals.  With  the  exception  of 
certain  hairs  and  papillae  to  which  a  tactile  sense  has  been  ascribed, 
and  in  the  free-living  species  certain  eye-spots,  no  organs  of  sense 
are  known  in  the  Nematoda. 

The  excretory  function  is  usually  assigned  to  two  long  tubes 
which  run  along  the  latei-al  thickenings  of  the  ectodei-m.  These 
tubes  end  blindly  behind,  but  anteriorly  the  tubes  approach  one 
another  ventrally  and  open  by  a  common  pore  in  the  middle  ventral 
line  some  little  distance  behind  the  mouth  (Fig.  347).  Each  of  these 
tubes  is  stated  to  consist  of  one  immensely  elongated  hollow  cell. 

Nematoda  are  with  few  exceptions  bisexual.  The  male  is  often 
smaller  than  the  female  and  frequently  has  a  curved  tail.  In  both 
sexes  the  reproductive  organs  are  tubular.  In  the  male  the  organ 
consists  of  a  long  tapering  tube  much  folded  on  itself  opening  into 
the  proctodaeum  close  to  the  anus.  In  the  uppermost  and  narrowest 
part  of  the  tube  there  is  a  mass  of  protoplasm  witli  nuclei ;  lower 
down  the  mother-cells  of  the  spermatozoa  become  se]iarated,  and 
the  lowest  part  contains  ripe  spermatozoa.  The  names  testis  and 
vas  deferens  are  given  to  the  upper  part  and  lower  part  respectively 
of  this  organ,  but  the  whole  is  one  continuous  structure  developed 
from  a  single  cell  in  the  embryo.  In  the  female  there  are  two 
similar  tubes  which  unite  to  open  in  the  mid-ventral  line  by  an 
exceedingly  short  median  piece  termed  the  vagina.  The  vi^tna  is 
situated  about  one-third  the  body-length  from  the  head.  In  each 
tube  it  is  usual  to  distinguish  an  upper  ovary  consisting  of  a  mass 
of  nucleated  protoplasm,  a  middle  oviduct  where  the  bodies  of  the 
egg-cells  have  become  separated  from  one  another,  and  lastly  a 
uterus  where  the  eggs  having  been  already  fertilised  are  each  pro- 
vided with  a  shell.  Each  tube,  however,  like  the  testis  of  the  male, 
is  developed  in  the  embryo  from  a  single  cell. 

In  order  to  introduce  the  spermatozoa  the  male  distends  the 
vagina  of  the  female  by  inserting  two  cuticular  hairs,  developed 
from  the  lining  of  the  proctodaeum,  called  copulatory  spicules. 

It  18  a  most  peculiar  characteristic  of  the  Nematoda,  which  they 
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share  with  the  great  group  Arthropoda,  that  no  cilia  are  found  in 
any  organ  of  their  body.     Even  the  spermatozoa  have  no  flagella 
but  move  in  an  amoeboid  manner.    This  absence  of  cilia,  which  are 
found  in  every  other  group  of  the  animal  kingdom  aud  in  many 
plants,  has  received  hitherto  no  explanation. 
It  is  possibly  correlated  with  the  strong  ten- 
dency of  the  protoplasm   in  both  phyla  to 
produce  chitin.     The  eggs  of  Nematoda  have 
a  structure  well  adapted  for  histoli^ical  in- 
vestigation, and  have  been  much  utilised  in 
researches  on  the  behaviour  of  the  nucleus 
before  and  during  fertilisation.     As  a  rule  the 
e^a  are  laid,  but  there  are  many  species  which 
produce  their  young  fully  formed. 

Comparatively  few  species  are  free-living 
throughout  their  whole  career,  but  these  few 
are  interesting.  They  are  of  small  size  and 
inhabit  damp  earth  or  mud,  one  family  being 
marine.  The  mouth  is  often  provided  with 
moveable  spines  and  there  are  frequently  eyes. 
These  features  suggest  a  relationship  with  the 
Chaetognatha,  which  like  the  Xematoda  have 
a  thick  cuticle  and  only  longitudinal  muscles  ; 
and  this  idea  receives  support  from  the  exist- 
ence of  a  group  of  small  marine  "  worms  " 
called  the  Chaetosomatidak,  which  are  prob- 
ably also  to  be  regarded  as  free-living  Nema- 
todes. These  animals  have  two  semicircles  of 
moveable  bristles,  situated  one  at  each  side  of 
the  mouth,  and  in  addition  a  double  ventral 
row  of  similar  spines  by  means  of  which  they 
creep  about.  Should  this  conjecture  turn  out 
to  be  well  founded,  the  Nematoda  must  be  re- 
garded as  Coeloinata,  and  it  is  interesting  to 
speculate  what  has  become  of  their  coelomic 
sacs.  Possibly,  as  in  the  Arthropoda,  these 
have  been  reduced  in  size  by  the  develoj>ement 
of  a  haemocoele  and  are  now  represented  only  by  the  excretory  and 
genital  tubes ;  but  until  the  details  of  the  developement  both  of 
Nematoda  and  Chaetognatha  are  known  it  would  be  unsafe  to  pursue 
these  speculations  further. 


Fl<i.!i4S.  Aacarighim- 
bricoMff,  cut  open 
along  the  dorsal 
middle  line  x  1. 

1.  Oesophagus.  2.  In- 
Kstine.  3.  Testis. 
4.  Vaa  deferens. 
6.  Lateral  excretory 
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Taking  the  free-living  forms  as  starting-point  we  can  arrange 
the  other  families  of  Kematoda  in  an  ascending  scale  of  increasing 
parasitism,  culminating  in  a  form  like  Trichina  spiralis,  which  is  a 
perpetual  parasite.    This  Nematode  inhabits  the  intestine  of  its 
host  (Pig,  Man,  &c.),  where  it  lays  its  eggs.     From  these  eggs 
larvae  hatch  out  which  bore  through  the  walls  of  the  intestine  and 
get  into  the  circulation,  by  which  they  are  carried  all  over  the  body. 
They  encyst  themselves  in 
the  muscles  (Fig.  349)  and 
do  not  develope  further  un- 
less the  flesh  of  their  host  is 
eaten  by  another  animal,  in 
whose  intestine  they  become 
mature  and  the  cycle  of  de- 

velopement  recommences,  l'""-  ^^-  Triehina  gpiralii,  encysted 
,_,    .         ^       1  L  iL  amongst  muscular  Kbres.     Highly  niagni- 

fheir  natural  home  is  the         flad.    After  Leuckaru 
body  of  the  Fig;  this  animal 

being  a  gross  feeder  no  doubt  often  devours  the  remains  of  its  own 
species,  and  thus  the  parasite  is  propagated.  TVichina  can  how- 
ever live  perfectly  well  in  Man,  as  the  prevalence  of  the  disease 
Trichinosis  testifies.  This  disease  is  conti-acted  by  eating  insuffi- 
ciently cooked  pork  infested  by  the  encysted  larvae  of  the  Trichina, 
These  become  mature  in  the  human  intestine,  and  give  rise  td  a 
second  generation  which  cause  severe  and  occasionally  fatal  symp- 
toms by  boring  through  the  intestinal  wall. 

Most  Nematodes  pass  the  earlier  part  of  their  existence  in 
damp  earth,  during  which  they  are  known  as  Rhabditis  larvae,  and 
bear  a  strong  resemblance  to  some  of  the  free-living  forms.  Tylen- 
ckus  trilici  forms  the  so-called  Ear-cockles  in  wheat;  these  are 
brown  galls  replacing  the  wlieat-grains,  and  filled  with  encysted 
Nematodes.  If  the  grains  ai-e  beaten  to  the  earth  by  rain  tlie 
worms  escape  from  the  cysts  and  climb  up  the  wheat  stalks,  where 
after  a  generation,  which  lives  in  the  flower,  they  again  enter  the 
grains.  In  Spkaerularia  bombi  the  males  and  females  live  togetlier 
in  damp  earth,  but  the  fertilised  female  enters  the  body  of  a  bee 
and  here  developes  into  a  great  sac  filled  with  eggs.  In  Sj/ngamus 
tracliealis  tlie  eggs  are  laid  in  damp  earth,  and  here  develojie  into 
larvae,  which  are  swallowed  by  poultry  and  develope  in  their  wind- 
pipes into  the  sexual  form,  causing  the  disease  called  Gapes,  which 
is  ofteu  fatal.  Filaria  aangidnin-hominis  lives  in  the  human  lym- 
phatic glands;  the  embryos  escape  into  the  blood,  whence  they  are 
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taken  up  by  the  mosquito,  in  whose  body  they  develope.  When  the 
mosquito  bites  they  make  their  way  agaiu  into  the  blood  of  man. 
They  are  believed  to  be  the  cause  of  the  strange  tropical  disease 
called  "  sleep  in  g-stc  lines  s."  But  it  would  lead  us  too  far  to 
enumerate  all  the  moditications  of  the  life-history  produced  by 
parasitism.  Suffice  it  to  say  that  the  Nematoda  are  perhaps  the 
most  successful  of  all  parasites ;  there  is  scarcely  a  phylum  in  the 
animal  kingdom  which  they  do  Dot  attack.  A  smooth  slippery 
body,  ivhich  as  a  general  rule  causes  Uttle  inconvenience  to  the  host, 
and  a  low  grade  of  metabolism  requiring  small  supplies  of  oxygen, 
seem  to  have  been  the  leading  features  in  their  success. 
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Alary  muscles,  167 

Albumen  glaiul,  2U8 

Alfna,  5fl2,  574 

Alcvonnria,  OS 

Alcgoatnm.  W,  17 

Alimentary  canal,  79 

Allnnt'>is,  44(1,  521 

Alligator,  442.  469,  472,  473,  474 

AllUaior  turtle,  4(in 

Alloincoela,  &8;!.  61*6 

AlUilohnphnra,  100,  108 

Alpaca,  550 


"AlMmation  of  generationB "  in  Coe- 

lenierata,  55 ;  in  Tunicata,  317 
Alytta,  433 
^m6i!/.('>ino,421,437 
Amblysloinatidae,  422,  437 
Amia,  379.  397 
Amivrjit,  S90,  397 
Amnion,  440 
AmDluta,  440 
Amoei-a,  13,  14,  38 
Amoebocyteg.  85,  90,  122,  23S 
Amo«bu1a,  25 
Ampbibia,  ■'!50,  400 
Anii)liicoi;lous,  377.  460 
Amphiorus.  295.  296,  2»7.  228.  228, 

300. 801. 802. 803.  804, 805.306, 307 ; 

origin  of  tiiesoderu  in,  77 
Ainpbipnda,  159 
Anipliiebaenidae,  446 
AmpbUlylic,  357 
Amphiuma,  421,  437 
Aniylopsin,  333 
AllHbotitiin,  5 
Anacanthini,  392.  396 
Anal  cerci,  160 
AnaUtvles.  164 
Anns,  481.  483 
Ancbovy,  391 
Animidae.  4ri9 
Aii'iuilla.  391.  307 
AnKuilliilac,  390,  391,  307 
Aiig«is.  468.  459,  474 
Animal.  1 
Aiiisopleura.  233 
Ankle,  460 
Annelida.  82,  108 
Auiiuli.  104 
Ani.<ionta,  209, 211.  213, 214,  316.  218, 

235 
Anoitmlurn),  hbii 
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Anoplft.  602 

Ant,  180 

Aiii-taier,   American,  623;    banded, 

S19 ;  Cape,  623 ;  scaly,  bii ;  Taman- 

daa.  6ia 
Anie-brachium,  401 
AaCedott,  86&,  2T0 
Antelope,  619,  5jl 
Autenna,  111.  U2.  160,170 
Aiileniiary  gl.iiid,  131 
AntennaU,  til,  151 
Anterior,  80 

Anthropoldea,  561,  5fi:i,  575 
Anthropuplthi-rua,  665,  670 
AnlltoMpra,  M«,  661,  674 
AntilocfipriJae,  649,  674 
AnUion,  178 
ADura,  406,  423,  438,  IBS 
Anus,  79 
Aphia,  180 
Aphis-lion,  ITS 
Aflkrophfira,  180 
Apig.  IT8,  IrtO 
Aplssia,  206,  234 
Aptera,  172,  178,  177 
Apteria,  476 
Apterfjc.  490,  4Q7 
Atiua,  VU,  l:I5,  137 
Aqueous  humour,  328 
Arocbnida,  111,  116,  182 
Aranelda,  183 
Arcetla,  17,  1»,  28,  38     . 
AnhigtUa,  SHi 
Archinephrio  duel,  341 
Arclfera,  4M.  4::5,  438 
ArcCniagg,  664 
Aryiope,  879,  2^1 
Argyrunrln,  199 
Aristotle' a  lantern,  St7,  259 
Anaadillo,  »U,  625 
Arlfmin,  134,  137 
Artlirobr^nchs,  128 
Arthrop'ida,  110;  appendages  of,  116; 

definition  of.  133 
Arthroslraca,  146,  140 
Aniodiictyla,  542,  545,  573 
ArvUola,  665,  575 
Aii-arU.  fll8.  614 
AtfMia.  309 
AjRidi^iceae,  315 
AwUa*,  120,  161 
Aspi  do  branch  lata,  233 
AspidochirotSie,  'iiU} 
Ass,  545 
AsHimilation,  5 
Aalacua,  119,  1S4.  132,  148 
AiUrtiu,  236,  339,  «6,  274 
Asteroldea,  2311,  248,  271 
Asvtumelry,  209 
Aletee.  663,  676 


Athene,  667 
Atlas,  443 
Atrial  cavity,  207 
Atrial  pore,  207 

AuchenSa,  550,  674 
Auditory  oeaicles,  50f 
Aarelia,  62,  «S,  04 


Autoatylic,  SOS,  410 
Aves,  351,  475 
ATioulariuLO,  286 
Axis,  443 
Axia-cylinder,  322 


B'il<ifna,  520,  670 
S'rtnenoplera,  620,  570 
llalanoglossuB,  S89,  207 
Balnatit,  141 
Banded  ADt-eater,  S19 
Bandicoots,  620 
Bank- vole,  655 
Barbastelle,  659 
Baas,  393 
Bastaid  wing,  481 
Bat,  667,  6M 
Batoidel,  368,  306 
Batrachia,  423 
Bdelloida,  000 
Sdellostoma,  360 
Bear,  536 

Beaver,  653,  664,  566 
Bee,  173,  170,  180 
Beetle,  173,  179,  180 
BHUingia.  618,  621,  660 


Bill-Q, 


.,  380 


Biogens,  4,  I 
Biology,  definition  of,  1 
Bionomics,  9 
Bipaliwm,  679 
Birds,  447,460,  475 
Birth,  522 
Bisexual.  7 
Bison,  652 

Bivalves,  202.  207,  209 
Black  bear,  530 
Bladder,  40S 
Blarina,  670 
Blind-worm,  4S8,  459 
Blood,  120 

Blood-suchine  Bat,  569 
Blue-bottle,  181 
Bombinalar,  433 
Bombug,  180 
B.mibi/x,  176,  177,  182 
Bone,  318 
Bvs,  552,  574 
Bot-fly,  181 
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BntkTioctphalus,  695 
BotiT/lIui,  310,  310 
BougahiviUiii,  tl,  56 
Bovidae,  640,  651,  674 
Boi-UirlleB,  468 
Brachiopoda,  270 
Brochium,  401 
Brachyura,  146 
Brady  pod  idae,  523,  609 
Jlia<lypn>,  609 
Brain,  319 

BraHCliellion.  t03,  106 
Braiichia  of  Neries,  102 
Branchial  beans,  228 
Brancliiopodft,  137 
Braiiclilosteglte,  13R,  144 
Jtmnrhipui,  134,  ISB,  137 
BreaUiing,  4 
Briii,  3113 

Briitle-stare.  236,  248 
Bubalui,  MB 
Buccal-mass,  204 
BiKfiaum,  202,  234 
Buffalo,  Cape.  H>,  561.  652 
Bi>f',,  423,  427,  435,  438 
Bufonidae,  423,  435,  438 
Bugs,  172,  180 
Siiffula,  US 
Bunodont,  645 
Bunodontia,  545.  GT3 
Butterfly,  174,  181 
BysBus,  220 

Caddis  fly,  n«,  178 

Caecum,  105 

Caiman,  409,  472 

Ca'iiig  whale,  627,  SSS 

Cake-urclilns,  264 

Calamoicbikyf,  376 

Calcarea,  75 

Calciferoua  glands,  86 

CalUirligHchut,  370 

Calyptobla8l«a,  68 

Com'jnriK,  148 

Camel,  649 

Cameiidae,  549,  574 

Cametttg.  549,  674 

Canidae,  671 

Canit,  Ul,  608,  504,  608,  SS4,  635, 

671 
Capillary,  91,337 
Capillitium,  26 
Capitulum,  408 
Capreotui,  574 
Caraimce.  134.  144,  162 
Carbon  dioxide,  4 
Carchari>dvn,  367,  306 
Careinut,  147 
Cardinal  toolh,  213 
Cartiium,  220 


Cariacua,  562,  574 
Caribou,  562 
Carina,  141 
Carinatae,  406 
Carinella,  602 
Varmariita.  M 
Camassial  teeth,  634 
Camivora,  633,  670 
Carp,  302 
Carpalia,  402 
Carpus,  401 
Canilage,  318 
CargopliytUa,  61 
Cassowary,  496 
Cdstiir,  654,  556,  675 
Cas^iariui,  496,  497 
Cat,  535 

Catarrhini,  C63,  576 
Caterpillar,  175,  182 
€at-fl8h.  300 
Caria.  554,  575 
Caviconiia,  640 
Cebidae,  6G3,  679 
Ceftas,  503,  676 
CfCidamyia,  IBl 
Cell,  27,  43 
Cellulose,  25 
Centipedes,  111,  114 
CentrarcUidae,  303,  390 
Cephalociioniata,  291,  206 
Cephalopoda,  200,  221,  235 
Cephalothitrax,  115,  128,  182 
Cej^al'il/irix,  602 
Ceralodv*,  371,  872,  378,  874,  3 
Cercaria,  500 
Cerci  anales,  164 
Cercopithecidae,  563,  576 
Cerebellum,  321 
CereOratuliig,  601,  602 
Cerebrum,  321 
Cervidae,  540,  661,  574 
Cervut,  652,  674 
Ceatoda.  578,  500,  507 
Ceslracion,  367 
Cetacea,  526,  527,  670 
Chaeta.  83,  84,  108 
Chaelognatha,  287 
Chaetopoda,  101, 108 
C/iatloioma,  290 
Cheese-mite.  190 
CheilostopiaU,  286,  286 
Cheiroptera.  567,  575 
Clieiropterygium.  363,  401 
Chelicerae.  182,  183 
Oieloae,  46S,  474 
Chelonia.  442,  463 
Chelonidae,  408 
Chelydra,  468 
ClielydridBa,  468 
Chevron  bones,  443 
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Chevrotain,  540,  S50 

Chilopoda,  154,  16fl 

Chimaem,  3H,  369,  970,  396 

Chipmunk,  654 

Chiiiii,  18,  111,  125,  131,  160 

Chiton.  233 

ClilamydoEporea,  37 

Cblamydolhorax,  293 

Choana,  407 

Choanctcytes,  70 

Chondriii,  1»6 

Chondrioderma,  M,  39 

ChoiidroHtei,  379,  396 

Chordata,  291 

Chornpkihts,  436 

Ckryftnyt,  4rt8 

Chylific  ventricle,  166 

Cicada,  180 

Ciliata,  27,  82,  39 

Cilium,  28 

CiiDnilum,  605 

Cinosternidae,  168 

Ci'ina,  «!»,  81S 

Cirri  peilia,  141 

Cirrus,  101 

Cialudo,  408 

Cladocera,  137 

Clam,  211,  220 

Ciasij.  9 

ClassiHcation,  9,  11 

Clava.  H 

Ct'pitdrina.  37,  38,  80 

Cleptine,  104,  107.  109 

Clitelluin,  of  Lumbricug,  84,  100;  ol 
Hlrudo,  104 

Cloaca,  404.  457 

Clupen,  391,  308 

Clupeldae,  300,  391,308 

Clypeasteridae,  204,  275 

Cljipeastra,  275 

Cnidoblast,  4B,  46,  62 

Cnidocil,  4S,  46 

Cocci  dia,  38 

Coceiaelta,  1TB 

Coclilea,  325 

Cockchafer,  llfi,  121,  122,  188 

Cockle,  211.  220 

Cockroach,  ecdynia  of,  114 

Cocoon,  ol  Hiriido,  104 ;  of  Lutnbricut, 
98.  00  ;  of  Feriplaneta,  170 ;  of  silk- 
worm, 176,  182 

Cod,  382,  392 

Coexilia.  437,  430 

Coeieiilcrata,  40  ;  classification  of,  67 

Coelenteron,  41 

Coelom,  76,  677  ;  of  Arthropoda,  117, 
168 ;  of  Bracliiopods.  277,  280  ;  of 
Cephalochordata,  297  ;  of  Chaetog- 
nalba,  287  ;  of  Ecbinodenns,  238 ;  of 


Hemictiordata,  203 ;    of  Molluscs, 

200  ;  of  VertebniMs,  338 
Coeloaiata,  76,  HI 
Coelomic  cavity,   in   Lumbririie,  76, 

84  ;  in  Leeches,  105 
Coelomic  fluid,  00 
CoenoUttea,  620,  668 
CoeniirKK,  505 
Coleoptera,  172,  178,  178 
Coileteriai  glaods,  165 
Colon.  165 
Colubridae,  462 
Columba,  48S,  400,  494,  497 
Condylura.  633,  670 
Coney.  539 
Omger,  391 
Conjugation.  7,  31 
Connective-tissue,  96,  118.  318 
ConscioiiHiiess,  i 
Cnnv'tluCa.  683 
Copelaia,  315 
Copepoda,  138 
Coral.  60,  ei  ;  -islands,  61 
Coralline-crag,  285 
Corallum,  60 
Coregonnt,  302 
Coroarila,  462 
Cortical  layer,  28,  34 
Cortical  a,  39 
Covens,  481 
Coxa,  163 

Coxal  plands,  118, 132, 157,  160 
Crab.  147 

Crania.  276,  279,  281 
Craniala,  318 
Cray-fiBli.  eodyais  of,   113,  122,  IM, 

132 
Cricket.  178 
Crinoidea,  209,  274 
Crocodiles,  457 
Crocodilia.  422,  448,  468 
Crufodilua,  470.  471,  473,  474 
Crop,  86,  165.  204 
Cross  fertilisation,  99 
CrossopteryKii,  376.  396 
Croitopns.  532 
Crotaiiuae,  463 
Crolalm,  468,  463,  474 
Cruial  glands,  162 
CruB.401 

Crustacea,  110.  133 
Cruptobronchus,  420 
Crystalline-cone.  126 
Ctenklium,  200.  214.  219,  225 
Ctenoid  scales.  303 
Ctenophora.  66.  68.  584 
Clenoplana,  586 
Clenostomata.  286,  286 
Cuckoo-unit,  180 
Culei,  101 


^aovGoOt^lc 


Cumacea,  146,  140 

Cursoren,  495 

Cuticle,  iS,  34,  84 

Cuitle-tish,  197,  206,  207,  221 

Ouvieriaii  organs,  207 

Ct/elas,  205 

Cycloid  scales,  372 

Cj/c(«p»,  189.  140 

CyclostomaU.  :il8,  344 

Cyiuotriclii,  606 

CnHipM.  180 

Cyniintst,  567 

Ciipri<Una,  138 

Cypriniilae,  300,  302,  308 

Cyprinut,  308 

C'sprif,  13B 

Cyst,  16.  as,  32,  37 

Cy  Slice  rcoid.  304 

Cyitlctrrua,  504,  506 

Dab,  393 

l>ailUy-long-leg8.  181 
Dapknia,  135,  186,  137 
l>art-saf.  208 
Dasypudlilae,  525,  560 
Daayput,  8S4 
naayuridatr,  S10,  507 
Dead  men's  lingeni,  50 
Decapoda.  14<i,  148,  236 
l>eer,  M9,  652 
Deceneratloii,  11 
Delphlnapleitit,  628.  670 
Delphina*.  628 
DeiniiNpnngiae,  75 
Deiidritex.  322 
l>etidrocliirota«,  209 
Deii<lroc<wlida.  58:1,  684,  600 
Dendruroflum,  684 
DeDtal  formula,  606 
Dfntalium,  i'H 
Dentine,  364 
Dennal  r  lands.  404 
Dermis.  96.  118 
Desman,  988.  533 
Deimodut,  tV>9 
Desmognathidae,  422,  437 
Desmt^nntlious,  400 
Dftmognnthus,  422,  438 
l>evelopu]ent.  detinition  of,  7 
DlasUmo.  6r»t 
DIaelyUi,  140 
Di  branch  lata,  235 
Dlrolyha,  546.  673 
I)ideiijhidae,5l8.  567 
DliMphyt,  619.  567 
Uiemyftilug,  422 
Diflerentiation.  11 
D'fflugia.  17, 18,  38 
l>igenea,  689,  507 
DiKeetion,  6 


Digit,  401 

Dinonile.  40P 

l>inosauria,  473 

Dinolheriiiin,  540 

Diodon.  31«4.  800 

Diphycercal,  348,  378 

Dipleumla.  273 

DJplopoda,  164.  158,  160 

Dipnoi.  363,  371.  305 

Diprotodontla,  518,  668 

Diplenv,  172,  176,  181 

Discontiniioua  distribution,  543 

Diat&l,  80 

Dislo«i<i,  586,  188 

Dociilnphrgne.  489 

D(«,  501.  508.  EOt   S84,  635 

Dog-flsh.  366 

Dolphin,  6^8 

Donkey,  545 

Domatheriuru,  SSO 

Donuouse.  664,  660 

Doisal,  81 

Draco,  469 

Dragon-fly,  118,  173,  174,  178 

DromaeognathouH,  400 

Dromii'ut.  490 

Duck.  489.  405,  400 

Duckbill.  614 

Dugong,  530 

Duplicidentata,  654,  576 

Eagle.  490 

Ear,  53.  322,  894.  S9B 
Ear-shell,  200.  209,  210 
Eared  Seals,  538 
Earth-pig,  520 

Earthworm,  82 ;    British  species  ol, 
100 


Ecdysis,  113,  17.1,441 

£<-Ar/M«,  391,307 

Echidnn,  614.  510.  607 

Erhinnrafkuins,  205,  276 

EehiHanter,  230.  937,  941,  274 

ErhiuoraTdiiim,  265 

EcbinococcuK.  69-1 

Echinoryamut,  204 

tkihinodennata.  2.tO 

Echinoidea,  265.  274 

Erhinui,  9SS.  856.  857,  360,  888,  884, 

276 
Ectoderm.  43,  68.  677 
Ectoplasm,  14 
Ecioprocta,  280 
Edentata,  522,  500 
Eels.  ;«« 
Eflodieiilia,  620 
Elt.  400 
Elapidae,  402 
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Elapi,  463 

Elasipoda,  268 

Elasmobraiichii,  353,  S54,  896 

Elater,  111 

Elephant,  53S,  540,  HI 

ElephM,  540,  MI,  572 

Eleutherozoa,  274 

Elk,  652 

Elytra,  163.  173 

Embryo,  deflnition  of,  8 

Emeu,  406 

Emydidae,  467 

Enamel,  355 

EiidocycUca,  275 

Endoderm,  43,  58,  118 

EndoderiTial  lamella,  50 

Rndoplaiim,  14 

Endopodite,  130 

Endoprocta,  2W1 

Endoskeleton,  105 

Endosternite,  105 

Endoslyle,  300,  304,  310,  331 

Enopla,  602 

Enteropneueta,  202 

Entomology,  160 

Rniomoslracn,  1'13 

Epaiiorthidae,  520,  668 

Epfira,  116.  18:|,  IH,  186 

Ephfmtra,  178 

Epliippium,  137 

Ephyilntla,  74,  76 

Epbyra,  65 

EpUrium.  437,  439 

Epidermis,  05 

Epiphyseg,  476 

EpUtome,  283 

Epitriolilal  layer,  441 

Equidae,  542,  644.  673 

Eqiiua,  648,  544,  673 

EreMiion,  664,  657,  576 

Erinnceldae,  632,  633,  570 

Erinntfui,  632,  570 

Eugleita.  U,  3S,  30 

Eugleiiold,  36 

Eulamellibranchiata,  235 

Euphansia,  146 

Eupleelella,  75 

Eurypterina,  196 

Eaxcnrpius,  ISB 

Eutptiagia,  74 

Eustachian  tube,  424,  506 

Eutberla,  514,  521,  568 

Euthyneura,  234 

Evolution,  11 

Excreta,  4 

Excretion,  t ;  in  Arthropods,  131 

Eiopodite,  139 

Eioskeleton,  111,  120,  197 

Extensor  muacte,  121 

ExumbrelU,  50 


Eye,  53;  ot  Arthropods,  122, 143, 145, 
170,  187;  of  MuUuBCB,  190,  229;  of 
Vertebrates,  322,  325 

Falciform  embryo,  38 

Fallow-deer,  562 

Family,  9 

Fat-body,  166 

Feathers,  476,  476 

Feather-fitara,  236 

Felldae,  571 

Fetit.  633,  671 

Femur,  163,  401 

Fertilisation,  48 

Piher,  587.  676 

Fibiale,  402 

Fibrils,  29 

Field-Tole,  566 

Filaria,  616 

FitibraiicLialA,  235 

Fins,  3ri2.  »0,  400 

Firmisleriiia.  435,  436,  439 

Piah-lice,  141 

Fission,  7,  16.  31 ;  Ib  Hydm,  48 

Fissipedia,  637,  671 

Flagellatft,  34;   reproduction  ot,  36, 

Flsgellula,  25 

Flagellum,  25;  of  Helix,  208 

Flea,  181 

Flexor  muscle,  121 

F%ht,  481 

Flo$ciilaHa.  803,  604,  606,  609 

FlowetH-of-Tan,  16,  M 

Fly,  172,  181 

Flying  Foies,  550 

Fly  in;  Squirrel,  665 

Food,  of  animals  and  plants,  2 

Foot  of  Molluec,  198,211 

Foraminifera,  21,  38 

Forficula.  178 

Fomira,  179,  180 

Fowl,  4B8 

Pox,  536 

Fnz-bats,  659 

PredtriceUa,  286 

Freshwater  Polyp,  40 

Frog.  400,  423 

FroR-bopperB,  180 

Fmil-eating  tiat,  668 

Functions.  16 

Fungin,  65 

Fuulcle,  283 

Gadidae,  302,  398 
Oadus,  ass,  ate,  308 
Galea,  162,  les 
Qalfitt,  367 
Gall-fly,  180, 181 
Oallus,  463 
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t,  4T8 
GEinoidei,  370,  396 
Gar-pikes,  :{80 
Gasieropoda,  188.  210,  233 
Gaalrlc  Hlauents,  U2 
OatialU.  478.  474 
GbiumaiioD,  7  ;  in  Hydra,  48 
Generative  oi^us,  54 
Genus,  9 


Germ,  7 

GestatloD,  521 

Giant-flbres,  96 

Gibbon,  6«5 

Gill-lwolt,  ISA,  180.  183,  104 

Gilia,  of  ArtliropodB,   187;    o(  Bran- 

chelUon,  103;  of  Molluscs,  199;  of 

NfTHt,  102 
Gill-sliu,  291 
OiroSn,  651,  674 
Giraffe,  649,  6G1 
GirafSdne,  649,  674 
GlKzard,  86,  165 
Gland,  5 
Glass-Knnke,  459 
GUibicephalut.  627,  SU,  570 
(fluliig^Hna,  24,  88 
GUichldia,  210 
Glo^nia,  ISl 
Glotlia.  404,  407 
Gnat,  172,  181 
Gnathile,  117,  159,  162,  171 
Gnathobase,  117,  165,  162,  182.  lU 
Gnathobdeliidtie.  101,  107 
GnathoEUmaU,  344,  860,  403 
Goal,  549 
Gobiidae,  303 
Goblet-cetia,  95 
Gonadji,  64 
Gonopliore,  65 
Gopher,  468 
Gorilla.  681.605,676 
GrallaloreE.  405 
GrampuB,  628 
(ininlia.  73.  74,  75 
Gra«.sliopper.  173,  174, 178 
Gray  iiSeal.  fiS!) 
Gret^n  eland.  I-Sl 
Greenland  Se:il.  6aSI 
Green  'i'urtte,  46S,  466,  4S7 
iirizzly  Bear,  iVIU 
Orontin.  18,  SO.  :!8 
Ground  SqaiireU,  554,  556 
Growth,  1,  6,  8,  11.1 
Grubs.  177 
Grymg,  178 
Guinea-pig,  653,  554 
Gnll,  405     " 


Gullet,  57 
Gurnard,  303 
Gymnobtaaua,  68 
Gymnomyxa,  38 
Gymnophiona,  405,  436,  439 

Haddock,  392 

Maemamoeba,  38,  39 

Haemocoel,  118,  126,  167 

Haemoglobin.  91 

Haemomenat,  3d 

Hag-lish,  345 

Hair,  498.  490 

Halecomorpbl,  376,  307 

Halibut.  3113 

Halichoerus,  530 

Halicore,  530,  570 

Haliotii,  206,  807,  209,  210,  233 

Halterea,  181 

Hamnierliead,  367 

Bapaie,  676 

Hapalidae.  563.  676 

Haplocrrm.  552,  574 

Hare,  553,  554 

Harlequin  Snake,  403 

Harrlotta,  370 

Harvestmen,  133,  188,  IW 

Head.  159 

Heart-iirchinB,  206 

Hedgehog.  532 

HtUo^haera,  tt,  39 

Heliozoa.  25,  30 

Helix,  1S8.  200,  801,  908,  SU,  234 

Hemerobius,  178    ■ 

HemkhoTdata,  201,  302 

Hemiptera,  172,  174,  176,  160 

Heredity.  8 

Hermapiirodite.  7,  83 

Hermaphrodiiieni,  208 

HerringH.  3li0 

Hessian-fly.  181 

Heterooeical,  359 

Heteronemertini,  602 

Hexactlnellida,  76 

Hinge,  212 

Hippocamput,  SM,  890 

HippoglOHinig,  i'.m,  398 

Hippopolnuiidae,  545,  573 

HippopoUintut.  545,  573 

Hinidinea,  103,  109 

Hirad'.,  103,  106,  109 

Hog-wftler-louae,  151 

Holncephali,  353,  369,  396 

HoloChttria,  866,  275 

Holothuroidea,  265,  276 

Holotrichous.  32 

Hominidae,  568 


^aovGoOt^lc 


Hoof,  630,  MS 

Hormlphora,  M 

Horned  "toad,"  469 

Hornet,  180 

Horee,  542,  546 

Horse-fly,  161 

Huanncn,  660 

Humble-bee,  180 

Humerus,  401 

Hybrids,  8 

Mydalina,  608 

Hydra,  species  of,  40,  41,  48,  < 

47 
Hydranlh,  62 
Hydra-tuba,  M,  602 
Hydridft,  67 
Hydroid  person,  52,  56 
Hjdromeduflae,  48,  67 
Hydrozoa,  HI 
Bgla.  43«,  438 
Hylidae,  43o,  436,  438 
Hglol'ateB.  6«5,  676 
Hyrneiioptera,  173,  170,  170 
Hyoid,  410,  427 
Hyomandibular,  360,  384 
HyoBtyUc,  ;J57 
Hypogeophit,  437,  430 
HypopharynK,  172 
Hyracidae,  630,  672 
Nl/mx,  630,  640,  572 
ByUTix,  664,  676 

/cAneumoA,  180 
Iclithyoidea,  420,  437 
Icbthyopteryii^um,  353 
Ichthyosauria,  473 
Ictal<iru»,  301,  307 
Iguaiiidae,  460 
Imago,  176 
Indian  inti,  220 
Infusions,  organisms  in,  17 

Iiisecta,  iVl,  150 
Inaectivora,  631,  670 
InsessorPS,  4U6 
Iiiterorbilal  septum,  446,  486 
lut(>rstiti»l  celb,  44,  64 
Intertentacular  organ,  284 
Inverlelirata,  13 
Irritability,  6 
Isopleura,  210,  233 
iKopoda,  151 
Ixodidae,  100 

Jacltal,  535 
Jaclc-rftbbit,  665 
Jelly,  46,  60.  68,  72 
■lelly-fish,  62,  02 
Jalus,  111,  l&B,  150 
Jumping  Slirevr,  681 


Kangaroo,  621 
Kangaroo-rat,  518 
Kalabolism,  4,  16,  17 

Keber's  organ,  218 
King-crab,  129,  103,  194,  1» 
Kiwi,  4W 
Krohnia,  200 

Labium,  162,  108,  172 

Labridae,  303 

Labrum,  162 

Labrus,  300 

Lactrta.  442.  4B9,  466,  474 

Lacertilia,  442,  460,  473 

Laclnia,  162,  188 

Lady-bird,  178 

Lamellibranchiala,  202,  211,  215,  234 

Lamprey,  846 

Land  nemertines,  699 

Land  tortoises,  407 

Langur,  504 

Larva,  8 ;  of  Acalephae.  04  ;  of  Am- 
pbibia,  406,  419,  434;  of  Eebino- 
derms,  273 ;  Epiiyra-,  So ;  of  Hydro- 
medusae,  54;  oE  InsectH,  175;  of 
Nemertines,  000;  of  Sponges,  73; 
of  Teleostomi.  3K8 ;  of  TrtraatodeR, 
6S9;  of  Tunicala,  308;  of  Turbel- 
laria,  584 

Larvacea,  316 

Larynx,  491 

Lateral  line,  331 

Leiotrichi,  667 

Lcmnr,  561,  BOS,  676 

Lemuroidea,  601,  676 

Lens,  122,  328 

Leopard,  535 

Lfpa*.  14> 

Lepldoplera,  172,  176.  181 

Lfpitloniren,  871,  305 

Lepidosteidac,  378,  397 

LfpiiUiKCetis,  376,  381,  397 

Lepisma,  177 

Leporidae,  664 

I.epl«slraca,  144 

Li'pus.  607,  60B,  664,  566,  576 


Leiir 


t,  am 


Levcns'jIfHla,  60,  70,  71,  73,  75 

LihelMa,  178 

Lice,  180 

Life.  1,3 

Ligula,  162,  173 

Lily-encrlnit«s,  269 

Ljmicolae,  100 

LImnaea,  108,  806,  680 

Limpet,  202,  -^O:-!,  209 

Limvhig,  III,  120,  ISO,  193,  IH,  lU 

Liafua.  698,  699.  801 

Linguta,  276,  270,  280,  281 

Lion,  63o 


^aovGoOt^lc 


Lithohiug.  Ill,  114,  164,  1S6, 167, 160 
Liver-fluke;  689 
Lizards,  442,  4M,  US 

Llama,  660 

Loboaa,  IT,  18,  38 

Locomotor  organ,  6 

Locusta,  178 

Lottaanctn$,  444 

Loggerhead  turtle,  464 

Lopliobrancliii,  302,  aaS,  309 

Lophopliore,  278,  283 

LucaHHK,  Hi 

Lumbricns,  83,    86,   87,   02,   M,   87; 

British  species  of,  100,  108 
Lung-book,  180,  ISa,  186 
Lulra,  63B,  671 
Lympli,  424 
Lyni,  635 

Xar(KUS,  504,  670 

Maclterel,  303 

Macroiiodidae,  621,  668 

JV<lfro;)«8,  621,  660 

MireroKfJidei,  S81,  632 

Macrura,  146 

Mapgots,  177 

Malacohdella,  602 

Malacostraca,  133,  143 

Malpighian  capsule,  342 

MalpijiliiBii  laver,  404 

MalpjijUian  tubules,  131, 167, 167, 169 

MammHlia,  361,  408 

Mammals,  460 

Mammary  glands,  600 

Mnnimotl),  512 

Man,  561,  503 

Manatee,  629.  SSO 

MaiiatHS.  630,  680,570 

Mandible,  116.  102,  163,  172 

Matiidae,  523,  560 

Mnnit,  fiS6,  660 

MaiUis.  178 

Mantle.  107,  212 

ManMc-cavity,  197,  109 

Manubrium,  52,  62 

MnnuH,  401 

Marine  manimals.  526 

Marine  turtles,  468 

Marmosets,  603 

Marmot,  654,  556 

Mamipobranchii,  346 

Marten.  .530 

Masuix,  003 

Maxitia,  110,  102,  163,  172,  185 

Maxillary  gland,  131 

Maxillipede,  116,  148 

May.fly,  178 

Meckel's  cartilage,  356,  410,  446,  506 

Medulla  oblongata,  321 


Medullary  plate,  291 
Medusa,  60,  52 
Medusold  person,  52,  55 
Megapodes,  407 
Melei,  530,  671 

MHolontha,  116,  1>1,  122, 1B8 
Meuopoma,  420,  437 
Mentuni,  162, 166 
Afephilia,  637,  671 
Mesenteric  fllament,  60 
Mesenteron,  120 
Mesentery,  67,  60 
Mesoderm,  76 
Mesogloea,  40 
Mesonemertlnl,  602 
Mesosoma,  115,  182,  101,  103 
Mesosloma,  670,  680 
Meso-thorax,  102 
Metabolisui,  3 
Metacarpus,  401 
Metamorpliosls,  176,  311 
Metaneraenini,  002 
Meiasoraa,  116,  18;*.  101,  193 
Metatheria,  614,  510,  507 
Meta-thorax,  162 
Metazoa,  13 
Micronucleus,  31,  33 
Midaa,  670 
Mink,  630 
Mites,  183,  191 
MoH,  4011 


Mole, 


>32 


Mol.--alire 
J/i>rj/i',401, 403, 408.408,410,411,412, 
413, 416,  417, 418, 410,  420,  422,  437 
Mollusca,  197 
Molpadldae,  200 
Monkey,  501 
Monocj/sti».  38,  39 
Mouogenea,  680,  697 
Moose,  662 
Morphology,  0 
Moichae,  548 
Mosquito,  172,  181 
Moth,  174,  175,  182 
Mother-of-pearl,  212 
Mouiid-birds,  407 
Mouse,  564,  655 
Mouth-paria  of  Insects,  171 
Movement,  6 
Mucous  glands.  208 
Mud-puppy,  421 
Mud-turtle,  468 
Milller's  larva.  684 
Multicellular,  27,  43 
Multiplication,  1,  6 
Muridae,  654,  556 
Mux.  675 
jWhwh,  172,  181 
Muscardinus,  656,  676 


^aovGoOt^lc 


Muscle,  6  ;  of  Anodonla,  218 ;  of  Ar- 
thropods, 120 
Muscle-cell,  of  LurabHeua,  S5 
MuBk-oi,  551,  aS3 
Musk-rat,  657 
Musquash,  661! ,  6S7 
MusaelB,  197 
Must«Udae,  630.  671 
Mmelus.su,  530,671 
Mga,  220 

Mycetozoa,  16,  H,  3d 
Mjocoel,  300 
Myo-epithelial  cell,  47,  06 
Mgngale,  S38,  633,  670 
Myotome,  298 
Myoxidae,  654 

Myriapoda,  111,  110,  131,  164,  169 
XymKcvbiu*,  619 
MyrrDecopbAgidae,  623,  624,  609 
Itgrmecophagus.  &99 
M3Tmtie.o,  17B 
MfsU,  14S 

Mystacoceti,  627,  628,  570 
Mytilus,  210,  236 
Myziiie,  360 
Myxlnidae,  345,  348 
Myiomyceies,  25 

NncreouB  layer,  212 

Naris,  407 

NataWres,  406 

Natterjack,  423,  436 

Natur^  selection,  10 

Nauplius,  134,  144.  140 

iVduIflui,  200,  210,  226,  B39,  236 

Nehalia,  144 

A^ec(Mr(M,  421,  437,  689 

Nematooyst,  44 

Nematoda,  Oil 

Nemertinea,  598 

Neomenia,  234 

XephelU,  107,  109 

Nephridium,  of  Arthropods,  131,109; 
of  Eiriido,  104 ;  of  Lumbricus,  83, 
80;  of  Molluscs,  200,  217 

NephroRlome,  89 

Nereis.  101,  lOS,  108 

Nersea,  8 

Nervous  system,  of  Arthropods,  121, 
109,  187  ;  of  Brachiopods,  279 ;  of 
Cephalopods,  229 ;  of  Chaetogiiatha, 
288 ;  of  Echinodenns,  244 ;  functions 
of,  93 ;  of  Gasteropoda,  200 ;  of 
HaliotU,  »7 ;  of  Hdix,  8M ;  of  La- 
mellibranchiatA,  210 ;  of  Lumbrieas, 
93  ;  minute  structure  of,  321  ;  of 
Turbtllaria,  6»1 ;  of  Vertebrata,291, 
319.  320,  487,  600 

Hervures,  173 

Nests,  405 


Neurenteric  canal,  303 
Neuroglia,  322 
Neuron,  321 
Neuropodium,  101 
Neuropt«r8,  172,  176,  178 
Newt,  400,  410 
NJdamental  glands,  231 
Nipple,  500 
Nose,  322,  SU 
Notida:ildae,  357 
Notochord,  79,  291,  200 
Notontcta.  180 
Notopodium,  10] 
Notoryctidae,  519,  520,  508 
jVoforjctM,  620,  668 
Nucleic  acid,  3 
Nucleus,  3,  16,  20,  29,  32 
Nucula.  209,  219,  234 
Nyctiphanea,  lU 

Obelia,  4S,  49,  65 

Octopoda,  2.^1,  235 

Octopus,  107,232,236 

OfUintaspis,  800 

Odontoceii,  527,  670 

Odontoid  process,  443 

Oesophagus,  57,  80,  126 

Oearvg,  181 

Oligochaeta,  100,  101,  108,  162 

Otignlopkne,  ISS 

Ommnttrfphet,  221,  232,  236 

Oncurkgaeus,  391,  307 

Onitcuf,  161 

Ontogeny,  12 

Ooeduni,  284 

Oostegltes,  140 

Opalina,  8S,  39,  43 

Operculom,  of  Limulut,  104 

Ophidia,  442, 468,  459,  474 

C^hioglspha,  H9,  SKi,  274 

Ophiaaurua,  460 

Ophiurodea.  248,  S60,  9tl,  274 

Opisthobranchiata,  208,  210 

OpisthocoeluB,  380 

Opossum,  510,  618,  620 

Oral-cone,  40.  50 ;  -surface,  60,  W 

Orang-utan,  604 

Orea,  628 

Organ-pipe  coral,  58 

Organs,  28 

Organs  ol  Bojanus,  217 

Ornilhorhi/nchua,  614,  6 IB,  667 

Orthoptera.  172,  178,  178 

Orycleropodldae,  523,  609 

Orycteroput,  635,  589 

Oaculum,  70 

Osphradium,  207,  218 

Ostia,  126,  166,  187 

Oetracion,  394,  399 

Ostiacoda,  134,  137 


^aovGoOt^lc 


OUrea.  220 

Untricb,  484,  4S7,  405,  490 

CKaria,  B38,  671 

UUriidae,  688,  671 

Otocyst,  -im,  219,  231 

Otter,  530 

Ovary,  44  ;  of  Lumbricu*,  97 

Otibos,  651,  56S,  674 

OtU,  u74 

Ovot«iitU,  208 

Ovum,  7;  of  iffldra,  44 

Owl,  667 

Ox,  54»,  551 

Oyater,  1^7,  206,  211,  220 

Palatal  flap.  446,  462,  470 
P»lp,  102.  les 
Palpal  organs,  IBS 
Pangolin,  526 
Panther,  536 
ParachoKlalB,  319 
J'araKlosan,  102,  179 
Faramneciam,  32,  83,  39 
Para-i>e«ophageal    commissares, 

121 
Parasitic,  36,  686 
Parenchyma,  579 
PasscivB,  4il7 
P-tfAla.  202,  209,  233 
Faeo,  479 
Peacock,  479 
Pea-urchin.  205 
I'eccary,  548 
Perun,  215,  220 
Peciines,  191 
Peciliilbranchlala,  234 
Pe<lnli<m,  610 
Pe<lict'llaria,  SU,  2S6 
Peilipalpl.  IKi 
PeMc.  290 
Pelecypoda,  21 1 
PelmaKizoa,  274 
Pelodytidae,  436,  438 


I^nn 


I,  187 


PenlacrinoidR,  273 
Penlacriiius,  272,  273   . 
Pentadactyle^,  401,  450 
-  PeraeopixU,  143 
PeraTaelm,  668 
Peramelulae,  619,  520,  668 
Ffrea,  399 
Perch.  303 
Percidae,  393,  399 
Pericardium,  12tl,  167,  200 
PerioHlrncum,  212 
Pfripatiie.  til.  116.  151.168.163,1 
Pi'ripln.itin,  160,  Ifll,  163,  166 
Perisarc,  40 
PeriModactyla,  642,  MB,  572 


Peristatsia,  B7 

Peristome,  28 

Peritoneum,  85,  06 

PeriCrichous,  32 

Periwinkle,  197,  198 

Perspiration,  500 

Pes,  401 

PHrogaU,  617,  521,  569 

Pftromyzon,  S4ft,  846,  347 

PetromyzoDtidae,  348 

Phalanger,  568 

Phalangeridae,  620,  668 

Fhalangida,  1S8 

Phalangids,  116 

Phaneroglosaa.  435.  438 

Pharyngugnalhi,  302,  393,  399 

Pharynx,  29,  85 

Phancniarctvi.,  620 

Phascolomyidae,  620,  568 

Phaacolomw,  668 

Phaxma,  178 

Pheasant,  407 

Phofn.  639.  572 

Phocaena,  528,  670 

Phocidae,  530,  672 

Plwlaa,  iiO 

Phosphorescence,  145 

Fhryganea,  178 

Phramimnta,  459 

Phyllactulaemata,  285,  286 

Fhvll/um,  178 

Phyllopuda,  134 

Phi/ll-xera,  180 

Pbylogeny,  12 

Phylum,  9,  11 

Phgietfr,  627.  670 

Pbysiolujiy,  9 

Physoclisti,  300.  308 

Physostomi,  390,  397 

Phylophis,  101 

Pig,  645 

Pigeon,  4B6,  490,  404 

Pilchard,  391 

Pilidium,  601 

Pilot  whale,  527 

Pineal  gland,  321,349 

Plnnipedla,  637,  571 

Pipa.  Vi5.  436 

Pipe-fisli,  39:1 

PIpistrellc,  659 

Pisces,  :}50.  352 

Pituitary  body.  319,  331 

Placenta.  317,  621 

Placold  scales,  364 

Plaice.  398 

Ptinarid,  684 

PkiHorliin,  origin  of  niesodenn,  78 

Plant-louse.  174,  180 

Plants  and  animals,  I,  25,  35 

Planula,  54,  04 


:q,t7edi>G00t^lc 


Pluniodium.  25 

Prongbuck,  549,  661 

Pl/ilea^,  31)8 

Prosobnochiata,  208,  210 

Prosoma,  116,  182,  193 

Plalgpug,  614 

Prosiipyle,  74 

natyrriiini.  SB3,  676 

Profllomlum.  85 

Plerolui,  560 

FlectognalhL,  302,  304,  399 

Proleids,  3,  4 

Pleopods.  14:l 

FtoUuh,  421,  437 

Plesiosauria,  473 

PlHhodon,  423,  438 

Protobranchiala,  231 

Pleural  membrane,  lfi3 

Protoplasm,  dencription  of,  1,  3,  8 

I'lturobraiich,  ViS 

Protopodile,  139 

PletironfclfK,  S98 

Prolopteruii,  3U5 

Protolheria,  514,  567 

PLiima,  BIO 

Mmnalella,  M$ 

Protozoa,    12,   13 ;    in  infusions,   17  ; 

Podical  pkUs.  164 

clA^siRcation  of,  36 

Proximal,  60 

Polecat,  638 

Pole-ctUs,  77 

Pteropidae,  -IW 

Polian  vesicles,  244,  267 

PtfTopus,  BS8,  559 

Pollack,  3il3 

Pt<Tosauria,  473 

Polycliaeta,  101,  108 

Ptemlrirhen,  205,  306 

Polyclftda,  583,  684,  608 

PCyrh<»lern,  S9a,  29*,  M6 

Polyp,  40,  52 

Pulex,  181 

Pnlyprotodiiiitia,  618,  6C7 

P,.lsptfrus.  :{76,  877,  396 

Puma,  5;i5 

FolyitomeUa.  19,  22,  20,  38 

Pupa,  176 

Polymomum,  589 

Pp-vnoma,  316 

I'olysoa,  282 

Python,  460 

Quagga,  646 

PorcHlio,  Ifil 

Porcupine,  661,  556 

Rabbit,  507,  66S,  W4 

Pores,  aorsal,  85,  00 

Itadiale,  402 

Porifera,  69.  70 

Radiolaria,  23,  39 

Porocytes,  72 

Radiolarian  ooze,  24 

Porpoise,  628 

Radula,  808,  207 

Porul  syxtem.  336 

Pain.  367,  868,  3HS 

Poai^axinl,  402 

Sana,  423, 126, 426, 487, 42S,  429, 434, 

Posterior,  81) 

430,  439 

Posl-zygapophyses,  404 

RanylfeT,  561,  574 

Prairie-dcg  or  -marmot,  667 

Kaiiidae,  423,  436.  439 

Prawn,  127 

Rap  Lores.  495 

Pre^xial,  402 

Ral,  553.  655 

Prepotency,  8 

Ratiiae,  195,  497 

Pre-zygapophyaes,  404 

RaCtleKiiake,  4G8,  463 

Primates.  bnW,  676 

Rays,  ;W.-, 

Prismaiic  layer,  212 

Razor-sI.ell,  820 

rristU,  3fl8 

Recapitulation  theory,  12 

Proboacideae,  539.  540,  572 

Keceptaculiim  ovorum,  08 

Prucavla.  M9,  640,  672 

Rectum,  166 

Procioclaeum,  57,  70,  126,  165 

Ked-deer,  552 

Proryon,  537.  571 

Redia,  690 

Procyouidae,  537,  671 

Reii-spider.  191 

Proglottis,  Sins 

Reindeer,  651 

Frouation,  ^0:1 

Keno-pericardial  canal,  201,  217,  225 

PronephtoB,  Ml 

RepUlia,  351,  440,  417,  460 
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Respiration,  4 

Relic iilaria,  38 

Retina,  3ifl 

Retinula,  122 

Rhabdites,  579 

Rhabdoooela,  683,  684,  5M 

Rbabdocoelida,  683,  684,  690 

Rhabdome,  l'i2 

Bhea,  41)6,  497 

Bliimcervg,  530,  642,  fi43,  644,  573 

Rhinocerotidae,  542,  543,  673 

Skimlaphaa,  600,  676 

Itkizocrinua,  9TS 

Khizota,  OOS 

Khynchobdellidae,  104, 107 

Rhyncliocepliala,  442,  456,  473 

Rliynchocotlum,  602 

BksnehonfUa,  276,  281 

Rhytinn,  630 

Rlglit  Wbate,  629 

River  bass,  399 

RoHCh,  3B& 

Robin,  4»0 

liock- wallaby.  621 

Kodentia.  5t'i3,  574 

RiMls  and  cones,  327 

Rctrqiia],  520 

JlMifer.  6I« 

Rotifera,  (103 

K«uiid-wurms.  Oil 

RumiiDintIa,  540 

SacculuB,  326 
Sacral,  403 
S'lfjitta,  SU 
Sal.iinander,  400 
Salainandra,  418,  437 
Salainandridae,  422.  437 
^lainandroidea,  420.  421,  437 
Salivary  glands,   o(   H'lix,   204 ;    o 

Lilliohixs,  157  ;  of  Mammala,  613 

of  PTiplanrla.  166 
SilMO.  384,  386,  887,  391,  397 
Salmon,  8S4,  81)0 
Salmonidae,  300,  391,  397 
Snlpa.  S16,  31T 
5n;pW;nu«,  891,  397 
Sand-dollar,  206 
SauHa.  442,  457,  473 
Sauropsida,  475 
Saw-fly,  176,  180 
Scale-insectK.  180 
Scales,  of  ElasmobraQcbii,  354 ;   o 

Reptiles.  441 
Scallop,  215.  220 
ScaiiBores,  406 
Scnphiiipm.  436.  438 
Kcapiu>°nalbile,  128 
Scapbnpoda,  234 
ScbizognathouH,  490 


Schlzopoda,  145, 148 
Scinopoda,  610 
Sclurldae,  654 
Scivropurua,  655 

SeiuTos,  655,  575 
Scleroblasts,  73 


Sconibridae,  893,  398 
Storpio,  IBS 
Scorpion,  188,  130,  183 
Scorplonida,  191 
Scolf^phllut,  500 
Scuiunn.  141 

^'Cjrirftroi,  S80.8S3,  S8B,  1 
8S9.  SeS,  364.  360,  395 
Scypbistoma,  66 
Sea -anemones,  60,  60 


Sea-b 


i,  3H9 


i,  620,  629 
Sea-cucumbers,  230,  266 
Sea-hare,  200 
Sea-horse,  3H 
Sea-lion.  S3 8 
Sea-mussel.  219 
Sea-urcbina,  230,  253,  >M,  861 
Seal,  620,  538 
Sebaceous  glands,  500 
Secondaries,  481 
Secretion,  4,  17 
SegntentatioD,  82 
Selachii,  367 
Selachoidei,  396 
Seleiiodonl,  648 
Selenodoiitia,  546,  647, 673 
Seini-clrcular  canals,  324 
Semnopiihecus.  604,  576 
Sense-hairs,  62 
Sfpin,  221, 883, 884, 886, 887, 328, 3! 

235 
SeroUne,  5C0 
Serranidae,  393,  399 
Sexual  union,  7 
Sliad.  391 
Sharks.  305 
Sheep,  540.  647,  540 
Shell-tish,  197 
Hhell-Kland,  131 
Shrew.  .^1 
Silk,  180 

Sillt.ivorm,  170,  182 
Siluridae.  390,  307 
Sllver-flKh.  177 
Siinf<i.  e«4,  665.  576 
Simiidae.  603.  664 
Siniplicidentata,  565,  576 
Sinus,  105 

Siphon  in  Lamellibranchiata,  215 
Slphonoglyph,  00 
SIphonoftoma,  393 
SiphuDcle,  232 
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Slredon,  421 
Siren,  421,  437 
Sirenia,  626,  620,  670 

mrex,  180 

Skaies,  305 

Skin,  06,  320,  403 

Skunk,  63(1,  6ST 

.Sloths,  623 

Sloughing,  441 

Slow-worm,  469 

Smlltin,  m 

Snake,  442.  467,  468,  460,  461 

Snappier,  4im 

Snapping  turtle,  4S8 

S'llarlf.  248 

Sole,  3S'{ 

Sotea.  m%  398 

»>ten,  saO 

Soleuu^ftstres,  200,  234 

Sorfx,  531,  G70 

SoricidAB,  631,  53.^,  670 

Spadella,  288 

&palangida«,  265,  276 

SpaMngu*,  275 

Species,  7;  origin  of,  9 

Spelerpee,  43-2,  4.38 

Spermathecae,  of  Lnmbiieu*,  83,  00 ; 

of  Helix,  208 
Spermatophores.  of  HHlx,  208 ;  of  Hi- 

rvdo,  107;  of  S«pia,  231 
Spermatozoa,  T ;  of  Hydra,  44 ;  of 

Lumbricua,  07 
Sperm-whale,  627 
Spheitodoii,  442,  443,  465,  4t«,  473 
Sp/iyranvra,  58'J 
Spicules,  63,  73 
Spider,  116,  116,  189,  130,  183;  web 

of,  186 
Spider-monkeys,  663 
Spinnerets,  18:J,  185 
Spiny  aiit-ealer,  514 
Spiracle,  3")7 
SpiTula,  210 
Splanchnic,  m 
Sponger,  00  ;  Bath-,  74 
SpoHgilla.  72,  74,  75 
Spores.  25,  37 
Sporoeyat,  630 
Sporozoa,  36,  39 

Sprat!  391 

Squid,  J97.  221 
SquiUa.  UX 

Squirrel,  55:1,  554,  555 
Star-Hail,  2:t6.  841,  S43 
Star-nosed  Mole,  633 
SiatoblastH,  285 
Steapsin.  333 
SEeganupodes,  484 


Sl«gocepbala,  405,  437,  447 

Stercoral  pocket,  187 

Stemtim,  158,  103 

StigmaiA,  120,  168 

Sting-tay,  367 

SUMit,  636 

SloloD,  60,  310 

Siomatopoda,  146,  148 

Stomodaeum,  67,  64,  67,  79, 126,  16S, 

301 
Stone-canal,  243 
Streptoneura,  233 
StreptoneurouB,  210 
Strobillzation,  B4,  592 
Strongi/loecUrut,  294 
Structureless  lamella,  46 
Strulhio,  48T,  49U,  4U7 
Sturgeon,  3T0,  3H 
Sub-mentum,  102,  189 
Sub-umbrella,  60 
Sub-ungulata,  530,  672 
Suet  or  ia,  34,  39 
Suidae,  540,  573 
Suinae,  545 
Sula,  4T8 
Summer-e^i,  137 
Supination,  403 
Surinam  toad,  436 
SuR,  646,  673 
SuBpensorium,  410,  424 
Sweat-glands,  600 
Sgcon,  74 
Symmetry,  30;  bllai«nl,81, 114,200; 

radial.  81 
Sympathetic  nervous  aystem,  329 
Symphysis,  450 
Symplectic,  .184 
Synaptlculae,  306 
Synaptulae,  260 
Sgnr/iaeta,  608,  610 
Synff/imitB.  616 
Sj/ngnatltiu,  309 
Syrinx.  491 

Tabanui,  181 
Tadpole,  435 

Tifnia.  001,  598,  693,  695 
Talpa.  532.  670 
Talpidae,  632.  533,  570 
Tainandua.  S3S,  5^5 
Tamiag,  &'A.  557, 675 
Tapir,  542,  543 
Tapiridae,  642,  573 
Tapinu,  548.  573 
Tarsalia,  402 
Tarsus,  163.  401 
Taamanian  wolf,  519 
Teat,  600 

Teeth,  ori^n  of,  355 ;  of  Uammalia, 
603,504 
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Tegfnaria,  118,  lU 
TeleoBWsi,  370,  380,  397 
Tekoawmi,  353,  375,  396 
Telson,  143 
Temnocephalidae,  587 
Tetidon,  119 

Tentacles,  40 ;  of  Actinozoa,  57 ;   of 
Hydromeduaae,  49 ;  of  Nereig,  102 
Tentaculucyst,  63 
Trntkredo,  180 
Tfrtbratula,  «7.  281 
Teredo,  220 
Terga.  1&8,  163 
TerBUUi,  111 
Termes,  178 
Terricolae,  100 
Tertiariea.  481 
TesLicardines,  281 
Testis,  44 

TestudiDidae,  467,  468 
Tcstndo,  468,  474 
TetrabnuichiaU,  235 
Tttradon,  304,  399 
THranynrhus,  191 
Tetraatemma,  601,  802 
Tmrtx,  lU 
Thalamen^^ephalon,  321 
ThalattU-iita.  31t 
Tlialaatocbejyg,  464 
Thatiaceae.  315 
'J'lioracosiraca,  144 
Thorax,  IH,  134,  143.  169 
Thread-i?apaule,  44,  40 
Tliread-worniH,  mi 
Thrips,  178 
Thglartnut,  519,  567 
Thyroid  Rland,  331,  349 
Tibia,  \m 
Tibiale,  402 
Tick,  190 
Tiger.  635 
TinaiDou,  406 
Tipula,  181 
Toad,  400,  423 
Toothed  whales,  527 
Torpedo,  :J67 
Tortoise,  442,  467 
Trabeculae,  310 
Trachea,  111,  ISO,  166,  106,  462 
Tracheaia,  129 
Tragulidae,  549,  574 
Tragnlus,  674 
Tree-frog,  435 
Treinatoda,  578,  607 
Triclada,  583,  606 
Triohechidae,  538,  672 
THchechua,  638,  672 
Trichina,  616 
TrichocyHs,  34 
Triglidae,  393 


Triton,  406 
Trochanwr,  163 
TroehUB,  (105 
Tropldimotng,  460,  462 
Trout,  390,  891 
Trunk-Hsh,  391 
Trggon,  367,  306 
Tryoiiychidae,  468 
Trypsin,  333 
Tsetse-fly,  181 
Tube-feet,  241 
Tuberculum,  108 
I'nUfex,  506 
Tubipora,  68 
Tvhiitaria.  65 
Tubnlipora,  982 
TunfcaiB,  308 
Turbellaria,  678,  670,  596 
Tiirbot,  303 
Turtle,  442,  457 
Tulenrhus,  616 
Tylopoda,  640 
TympaDum,  424 
TyphloBole,  86.  06 
Tgroglyphus,  190 

rinare,  402 
Ulotriciil,  566 
L'licinaie  processes,  456 
Ungulata,  530,  572 
L'DgulatA  vera,  642,  572 
Unicellular,  43 
Unio.  200,  211,  212,  214,  236 
L'rea,  4 
Ureter.  201 
Uric  acid,  4,  157 
Urino-genital  organs,  841 
Urochordata,  201,  308 
Urodeia,  406,  41(,  437,  457 
Utsidae,  636,  571 
(7r«uf,  636,  571 
Uvula,  602 

Vacuole,  food-,  14,30 ;  contractile-,  16, 

30,88 
Vampire,  668 
Varanut,  44fi,  440,  461 
Variation.  8,  0,  10 
Velum,  62,  68,  301 
Ventral,  81 

Venus  flower-basket,  76 
Vertebrata,  13,81.201 
Vesicula  scminaliB,  08 
Vespa,  IHO 
Ve^frtilio,  660,  675 
Vegpertlgo,  659,  675 
Vibraculum,  286 
Vicuna,  650 
Viperidae,  463 
Visceral  hump,  198 
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Viullarium,  6T8,  682 
VitreouB  humour,  326 
Viviparous,  103 

Vole,  554,  66o 

VortireJla,  U,  SO ;  reproduction 

Waldheimla.  STT,  878,  281 
Wallaby,  617 
Walnie.  638 
Wapiti,  653 
Wasp.  173,  180 
Walar-boatniAD,  180 
Wattr-rat,  65C 
Wat^r-Bhraw,  532 
Water- vascular  system,  678 
Weasel,  636 
Whale.  52fl.  527 
Whalebone  whale,  628 
Whelk,  199,  202,  234 
While-ant,  178 
White-whale,  628 
WhitinR,  am 
Wild  duck,  481 


Wings,  of  Insects,  173;  of  Birda,  «« 

Winter-eggs,  187,  682,  008 

Wire- worm.  111 

Wolf,  636 

Wolffian  duct,  341 

Wombat,  620 

Wood-ant,  179 

Woodchuck,  654 

Wood-louse,  lU,  IBl 

Wrass,  303 


I,  669,  i 


1,676 


Zebra.  646 
Zoantliaria.  88 

Zooeciiiui,  283 

Zoology,  definition  of,  1 ;  object  of.  S 

sulidi visions  of,  9 
Zggifna,  307 
Zygapopbyaes,  404 
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